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Foreword 



THE OCEANOGRAPHERS, the technicians in marine 
biology, the geophysicists who study the submarine floor, all 
work with admirable conscientiousness. Their deductions are 
models of caution, while the multiplicity of their experiments 
bears witness to their desire for truth. They are not, indeed, 
unmindful of the fundamental tenuousness of their premises. 
Despite the ingenuity of their apparatus and the boldness of 
their investigations, despite their tenacity and their persever- 
ance, it is obvious that, considering the immense extent of the 
territory that has to be explored, the multiple hazards and 
the innumerable possible sources of error inherent in their 
measurements, their task is a particularly difficult one. All 
this arises from the fact that they are working blindly, 

To lower nets in order to catch whatever fate sends, to in- 
dicate on a chart "sandy bottom** because ten soundings with 
a grab have brought back a handful of sand each time, to 
note that the sea water has a salinity of thirty-five grams per 
kilogram because that was the case in the sample contained in 
the Nansen bottle brought up from a certain depthall these 
are not, strictly speaking, scientific calculations, but approxi- 
mate deductions. 

"Now then, clever critic," someone may say to us, "are you 
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such an expert in the matter?" By no means, but we are 
merely repeating here what we have heard expressed by 
oceanographers, who are themselves convinced of the inaccu- 
racy of many of their measurements and are the first to de- 
plore it. Who was it who wrote: "We must work in the dark; 
the most perfect devices are by their very nature undiscrimi- 
nating with respect to the samples they chance to collect; 
dredges and townets suddenly tear a few animals from vari- 
ous different places on or above the bottom, animals that find 
themselves, during the ascent, cheek by jowl with the most 
unexpected neighbors'? Who? E. Le Danois, of course, on 
page 12 of his book Les Profondeurs de la mer> and that is 
only one example among many others. 

The oceanographical ship behaves a little like a spaceship 
from another planet, which, with a view to making an inven- 
tory of the different kinds of animal life on earth and of their 
distribution, lowers a virtually inescapable trap at the end of 
a monstrous rope to our terrestrial soil. If, by some extraordi- 
nary chance, while the craft was flying over Paris at an alti- 
tude of forty thousand feet, this trap happened to dangle into 
the enclosures of the zoo of Vincennes, it might capture here 
a monkey, there an eland, elsewhere some oversluggish or 
somnolent wart hog. Whereupon the geologists, the histori- 
ans, and the terranographers of the unknown planet would 
not hesitate to conclude with all due seriousness, basing their 
opinions on the above harvest: "The capital of France lies in 
an equatorial climate, as its essentially African fauna bears 
witness." Neither is it difficult to imagine, without venturing 
too far into the realms of the fantastic, that the same trap, if 
lowered into a Toulon square in the vicinity of a performing 
bear and his master, might grab the wage-earner and not the 
man. The deductions that our extraterrestrials would make 
from this might be that the Riviera was a no man's land, still 
covered with impenetrable forests! If we abandon such amus- 
ing hypotheses, which have no value except as jokes jokes 
that tend not to be appreciated by learned people, since they 
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signify a marked lack of respect for the repetition of experi- 
ments as well as for their comparison and selection we never- 
theless find that certain new facts that have emerged as a re- 
sult of underwater exploration tend to reinforce further this 
conception of the misleading nature of submarine knowledge 
acquired by such chance methods and in so fragmentary a 
fashion. It is impossible by such means to achieve a general 
synthesis; to acquire an over-all view, a true picture of the 
background of marine life; to understand what the oceanog- 
rapher would call the "biocenosis" * as we are able to do 
where a village, a wood, or a pool is concerned. It has been 
stated over and over again, because the nets failed to bring 
up from great depths samples of any form of life except the 
smaller organisms, that life becomes less and less abundant as 
one descends; that in the abysses it has virtually ceased to 
exist except for numbers of small luminous organisms, a fact 
which we are told is a necessary consequence of the great pres- 
sure, the lack of food and light, etc. Beebe, however, de- 
scended to a depth of 2950 feet, while Barton dived to 4470 
feet, and the thing that struck them most forcibly was the 
multiplicity and the density of deep-sea life and the surpris- 
ing number of enormous animals dwelling in the depths. The 
only conclusion that can be drawn from this is that sharks 
and other monsters of the deep are sufficiently agile to escape 
the nets. A coelacanth is found in 1938, another one in 1952, 
and the cry goes up "A miracle! 1 ' What prevents us, however, 
from supposing that the species is present in profusion, in 
shoals, in flocks, at depths that are inaccessible to the towed 
net or simply remain unexplored? 

What a wonderful harvest of information, what an ava- 
lanche of discoveries would be forthcoming it the oceanog- 
rapher were no longer, whether above the forbidding film o 
the surface or in the hostile mass of the waters, clumsily de- 
pendent on his breathing, a blind person casting his lines, in- 

1 The biocenosis is the over-all picture presented by the living inhabitants 
of a given region in relation to one another and to their environment. 
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struments, and nets In a haphazard manner! What assurances, 
what results he would get if he could catch, as he would 
dearly like to do, whatever he sees, bring back whatever inter- 
ests him, really know what he is doing! In one word, if he 
could have the same guarantees, the same facilities as has the 
entomologist studying a termite's nest, the zoologist who, 
searching for the iguana in Brazil or the wapiti in North 
America, shoots it and has then only to observe and describe 
the environment in which he met it. 

For all this to become reality, one single condition alone is 
necessary, one state only need be acquired that of being, in 
the water, able to see, to move with as much ease as on land, 
to look, to compare, to capture, to comprehend the situation 
directly. The study of the new methods of direct submarine 
exploration will form the subject of our book. 
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CHAPTER 



Underwater Hunting 



FROM HIS PRISTINE STATE as a quadruped crawling 
upon his belly In pursuit of other quadrupeds like himself, 
man has raised himself to the dignity of the upright position. 
He has elevated himself above the other vertebrates, has 
dominated them; and his eyes, leaving the ground, have 
become conscious of wider horizons. For a long time he con- 
templated the sky and the birds, which defied him, graceful, 
agile, and impossible to catch. Then his mind, becoming un- 
shackled, threw off the ancestral fear lest the heavens should 
fall and envelop him in some vast cataclysm as a punishment 
for his pride and his daring, which, no longer held in subju- 
gation by priestly threats, soon knew no limits. The tenacity 
he displayed in pursuing his agelong dream, the unremitting 
labor with which he devoted himself to making the dream a 
reality, met at long last with success: man broke out of his 
prison of gravity. The machines he has invented now cross 
the oceans; leaving behind one shore ravaged by the sound 
and fury of a thunderstorm, they reach a farther one before 
the first faint echo of that storm can even be heard there. But 
it is the machines, not man himself, that fly. The old human 
dream of wings that he could flap as do the eagle and the 
sea gull, of wings that would carry him whithersoever he 
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wished, has not been realized. The Aegean Sea swallowed the 
wild hopes of Icarus, and two thousand years later a very 
modest tomb on the shooting range at Vincennes marks the 
spot where Clem Sohn, the bird-man of our century, plunged 
to his death. 

From the tops of cliffs and rocks, our forefathers also con- 
templated, with as much envy as they did the birds, the be- 
ings that peopled the seas. The shimmer of their scales, glit- 
tering like so many flakes of mica in the sun's rays, fascinated 
them. Centuries later, man became industrialized and cre- 
ated a thousand iron monsters with which he invaded the 
haunts of Neptune. Here, too, it was at first only inanimate 
tubes and caissons that disputed the aquatic world with the 
fishes. Now, however, man can really meet the fishes on equal 
terms: like them, he swims, emulating the tuna or the sea 
bream, his webbed feet performing the same function as do 
their fins. Man has acquired gills and has freed himself from 
the double servitude of breathing and of gravity. The concep- 
tion of the "bird-man" still remains a Utopian one, which 
certain individuals, in love with a chimera, pursue to the 
tragic end of their folly, some paying with their lives, as in 
the case of those who have made the classical and puerile 
jump from the top of the Eiffel Tower, putting their trust in 
some monstrous device, in some machine consisting of a het- 
erogeneous mass of sails, ropes, and pinions. On the other 
hand the "fish-man" is a reality, which all the navies of the 
world have recognized and which they have added to their 
scientific or war potential. This indeed is a wonderful story. 

1. History of Diving Without Apparatus 

I have, I confess, but little personal liking and a great deal of 
mistrust for those historical accounts that seek to take us back 
over the course of centuries. Let us rather get on with the 
matter in hand. It may be justifiable, when discussing the 

history of aviation, to consider the merits of Clement Ader 
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and Louis Bl^riot, but Is there any point in dragging in 
Pegasus, the winged steed? 

"Yes!," I am answered, "out of poetical necessity," because 
before the cold-blooded practical achievements of the engi- 
neers, with their trains of gear wheels and electrical circuits, 
can come into being, there must be the embroidery of dreams, 
the tapestry of pure imagination; one must, indeed, bear in 
mind the first desires of man, his tentative attempts and the 
nai'vet^ of some of his artifacts, before proceeding to glorify 
his victories over nature. 

If we must bow the knee to tradition, if we must admit the 
attractiveness of the myth, the childish love of the marvelous, 
well, all right, we are agreeable; we have, as much as anybody 
else, considerable respect for the past. But let no one ask us 
to transcribe the ancient stories with the seriousness of a be- 
liever, the precision of a cartographer. Too often those ac- 
counts are but legends, related by historians eager to astonish 
(the journalists of their time so to speak), legends which, ex- 
humed from dusty chronicles by writers of repute, have ac- 
quired the similitude of truth because of the guarantee of the 
authors' signatures, and which have eventually been granted 
the freedom of the city because at first ten, then twenty 
chroniclers, indebted to the same sources, have repeated them 
with great regularity. 

"Tu quoque/' you may remark. Perhaps, but I write this 
in a rather constrained and forced fashion, and more for the 
sake of poetry and picturesqueness than for that of truth. 
And, furthermore, without conviction. 

Nobody disputes priority with Glaucos where the matter 
of extraordinary dives is concerned* This little Boeotian 
fisherman used literally to take walks under the water. This 
truly marvelous gift was acquired by him in a rather strange 
fashion; one day, having laid his catch, fresh from the water, 
upon a bed of aromatic herbs, he observed to his astonish- 
ment that the fish, which a moment earlier were indubitably 
dead, leaped back into the water. Quick to realize that some 
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magical virtue resided in the herbs, Glaucos promptly pro- 
ceeded to chew some o them, with the result that from that 
moment on he was able to disport himself under the water 
with the same ease as the fish! Se non e vero. To such good 
purpose did he perform these aquatic maneuvers, and appar- 
ently at such a depth, that one day he failed to return to the 
surface! All honor to the unfortunate diver; the Greeks, very 
fittingly, elevated him to a position among their marine gods. 

At a somewhat later date, 1 a statue, a gold one at that, was 
erected in one of the temples of Delphi to a certain Scyllias 
and his daughter Cyana. This fact is testified to by Herodotus, 
who has described for us the various feats carried out by this 
family of experts. They performed wonders under the waters, 
sometimes covering a distance of over a mile while remaining 
submerged, and on one celebrated occasion cutting the cables 
that moored Xerxes' ships, with the result that the latter were 
very soon carried by a gale onto the rocks and smashed to 
pieces. Livy, more definite and with greater credibility, tells 
us in great detail about the Rhodian divers, specialists in the 
salvaging of sunken treasures and wrecks. He quotes a judi- 
cious and equitable scale, which allocated to the audacious a 
half of the booty brought back from a depth of twenty-five 
feet, 30 per cent for that fished out at twelve feet, and only 
10 per cent when the dive did not exceed three feet These 
wages were those in force 180 years before Christ; the rate 
had increased considerably a century later (the cost of every- 
thing goes up!), but the principle remained the same, as 
Plutarch confirms. 

Without mentioning any names, Thucydidcs states that, 
during the siege of Syracuse, teams of specialized divers de- 
scended into the water and sawed through the stakes of the 
fences that defended the mouth of the harbor. With the 



i A very detailed chapter on the history of diving can be found in L'Avcnture 
sou$*marine by Philippe Diol<6 (translation: Underwater Exploration) and a 
whole book has been devoted to the question: Les Pionniers de ta plong^ f by 
Emile Coudroyer. 
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somewhat inefficient means at their disposal, they were point- 
ing the way that was to be followed in 1942 by the frogmen 
of the Allied landing forces when tackling the rails fixed in 
the sand of the submarine beaches off the coasts of Brittany 
and Normandy. The youths of Minnesota and Wisconsin, the 
pugnacious Irish and fiery Scots, would no doubt have been 
very surprised if it had been pointed out to them that they 
had had predecessors 2350 years previously! Our underwater 
hunters, however, would be even more surprised to learn 
that the famous breathing tube, which they suppose to have 
been introduced at the same time as underwater hunting, al- 
ready existed in the same distant epoch* Aristotle tells us so, 
and certain old and curious prints of a later period depicted 
it; the specialized warriors, the corps of underwater marines 
of the time, knew how to walk under the water, their heads 
near the surface, breathing with the aid of a reed, rather after 
the fashion of our present-day "snorkel" submarines. 

We have now finished with those historical reminiscences 
that deal with simple immersion. For it cannot be expected 
of us that we should give precise details concerning the fa- 
mous dives alleged to have been made by Alexander the 
Great. That the celebrated conqueror attempted to penetrate 
the secret of the seas, that he even performed some spectac- 
ular feat of diving, can hardly be contested. This fact ad- 
mitted, however, all the rest is nothing but pure surmise, 
anecdotes skillfully embroidered upon by courtiers with an 
eye to the main chance, incredible yarns that take little ac- 
count of the very real knowledge that the Greeks had of the 
sea. It is useless for us to look for accuracy or concordance; 
everybody has his own version of the story, and in no two 
instances are the site of the dive, the way by which it was ap- 
proached, the depth reached, the motive actuating the mon- 
arch, or the time he spent under the water the same. Our 
modern stunt writers do not exhibit as much skill and polish 
when it comes to details, and the Loch Ness monster would 
make a poor showing beside that fabulous beast that took 
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three days and three nights to pass our royal diver (at what 
speed though?). The true story of that celebrated immersion 
would not, I fear, add much to the glory of Alexander. 

So far, then, the only dives of which acounts have come 
down have been either for warlike purposes, or of a semi- 
experimental nature performed for pleasure's sakein order 
to "have a look-see," as we might say. Those divers who first 
essayed to search for and to pursue a quarry as a form of 
underwater sport can claim as I have mentioned elsewhere 
a pioneer theoretician in the person of John Wilkins, Bishop 
of Chester, and a brother-in-law of Cromwell to boot. It was 
he who remarked that it should be possible to carry out under 
the water "a study of the species and kinds of fish and of the 
different means by which they might be caught, either by 
placing various types of nets on the flanks of ships, or by 
killing the biggest with guns." 

The theory dates therefore from the seventeenth century, 
but the practice was born with man himself. As early as the 
Prechellean Era of the Paleolithic Age (that is to say 100,000 
years B.C.), our ancestors used harpoons made cither of wood 
or fashioned from the bones of the reindeer, and sometimes 
tipped with silex. They probably used them by throwing 
them from a rock or the shore. Were they able to swim? 
There is no reason to suppose otherwise when we reflect upon 
the ability of the most primitive tribes. It is logical to sup- 
pose that, at the Magdalenian period (16,000 to 20,000 years 
B.C.), our remote ancestors did not hesitate to leap into the 
waters and disappear beneath their surface as do those na- 
tives of the Congo who, having blocked a portion of the river 
with their canoes, lower into the water a number of wicker 
mats to form a kind of semicircular net, and then, each, of 
them diving in turn armed with a spear, soon succeed in im- 
paling a few fishes* It has become almost traditional to cite 
the Polynesian natives as being the true ancestral harpoonists. 
In fact, however, the Indians of Peru, the Tchouktchis of 
Siberia, the Eskimos of Canada, the African Negroes, and the 
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Brazilians of the upper Amazon, all have an equal right to be 
enrolled on the long list of ancestors of the modern under- 
water hunter. 

I think I may claim to have been the first to make known 
what is probably the oldest document to mention the subject 
of subquatic hunting. In 1946 I reproduced one of the draw- 
ings illustrating the Volkir translation, which appeared in 
1536, of a work by Flavius Vegetius Renatus, the De re mill- 
tari. It represented "a diver's helmet in use in the sixteenth 
century/' In the background can be seen a submerged man, 
holding in his left hand a spear, while he grasps a fish in his 
right one. A hood "made of good anointed cowhide/' com- 
municating with a skin bladder filled with air and floating 
on the surface, clothes him stiffly. One need hardly empha- 
size, I think, the weaknesses of such a device. If indeed it 
made it possible for the wearer to remain for a time under 
water, we may be pretty sure that the performances realized 
were considerably restricted. 

2. The Real Beginnings of Underwater Hunting 

Four hundred years after this astonishing predecessor, our 
personal exploits were just as modest. The habitual visitors 
to the coves of Saint-Tropez, those who, with the advent of 
summer, sought once more the gentleness of Beauvallon, the 
cliffs of Saint-Jean-Cap-Ferrat, and the ocher splendor of 
Cassis, witnessed our early efforts with considerable interest, 
mingled more with skepticism than with spontaneous ad- 
miration. We were referred to with commiseration, written 
off as lunatics; the local fishermen tapped their heads signifi- 
cantly. We must indeed confess that there was nothing very 
impressive about our tackle. Small welder's goggles edged 
with black rubber gave us the popeyed appearance of a turbot, 
a nose clip (which as often as not was a simple clothes peg) 
straddled an appendage quickly rendered bloodless or turned 
blue by local circulatory asphyxia. For a weapon we wielded 
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a kind of primitive spear, six feet long and with a sharp 
point. 

Thus equipped we departed, our spirits burning with the 
enthusiasm of seekers after the Golden Fleece, our head im- 
mersed up to the nape of the neck, the spear in our right 
hand, halberdier of the tranquil seas, crusader in the quest 
of the submarine infidel and bent on cleaving him in twain, 
Scarcely had we caught a glimpse of the bottom before an 
irresistible need for air compelled us to lift from the water a 
mouth avid for the oxygen of the surface. Having received 
our aerial viaticum, we searched vainly, with eyes that were 
already starting to pop under the pressure of the circles of 
hardened rubber, for the object perceived a few moments 
before. Alas, the fish so recently seen had disappeared into the 
seaweed; the prudent blacktail had hidden itself under the 
rock, the whimsical mullet was cutting its capers elsewhere. 
With our vision continually blacking out, we could get only 
an interrupted series of Images, Insufficiently steady to prac- 
tice any kind of hunting worthy of the name, with the dis- 
covery, the approach, the lying in wait, the maneuvers, the 
dives, and . . . the capture. 

If by an extraordinary chance some sleeping bass, some 
trusting wrasse, had allowed the hunter to approach fairly 
near, the Inoffensive spear became a plscicidal weapon, A 
sudden thrust toward the prey, the spear guided by an arm 
that had to fight against the resistance o the water, forestall 
the flight of the fish, act more quickly than lighting . . . and 
under the best conditions, with the help of the gods of the 
hunternot to mention an error of judgment on the part of 
the prey we might hope for an Impalement. But then what 
acrobatics followed this feat I We had at that time no device 
at the tip of the spear by which the transfixed fish could be 
retained, and the latter had to possess only a certain amount 
of agility to start spinning like a mad teetotum on the point 
until it had unthreaded itself, after which, with its guts trail- 
ing. It would seek some sheltered hole in which to die. Or 
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... or ... with a lot of splashing, a powerful kick of the legs 
toward the surface, the hunter tried to redirect his harpoon 
toward the sky, so that the fish, slipping to the other end, 
could not escape by whirling. He was met with explosions of 
joy and noisy acclamations; the neighboring boats arrived 
with all the speed that their oars could muster, their occu- 
pants calling to each other from boat to boat, "I say, Good 
Lord, look at this chap. . . . Gosh, what a smashing fish!" This 
joy, so hard to come by and so richly deserved, was enough 
for us. It induced the aficionados of the time to discover and 
to familiarize themselves with the beauties of the sea. I knew 
some of them who were as fanatical as we were: in 1930, in 
the vicinity of Marseilles, a Polynesian named Canaldo used 
to surprise the swimmers in the coves by hunting with a spear 
terminating in a triple point, according to the fashion of the 
divers of his country. 

In 1930 also, at Nice, Dr. Raymond Pulvenis and his 
brothers made use of various devices, among others a pistol 
mounted on an ordinary bicycle pump. Later on (1938-1939), 
Pulvenis devised a very special kind of gun, the "Waterless," 
the only one I know of that has the trigger on top of the 
barrel instead of underneath. Beuchat, who admired Canaldo, 
tried, from 1933, to improve the point of his primitive har- 
poon (we shall see later on that it was to be the prototype of 
the first "Tarzan"). The late Gerard Durand introduced the 
device to Saint-Tropez, and Stanny Janin, Saratquine, Jean 
Vezia (which latter had already practiced underwater hunt- 
ing in Dakar), and myself experienced, at that time, the con- 
suming delights of a deep passion. 

Along the whole of the coast fresh converts were made, and 
in 1940 Dr. Pulvenis wrote the first catechism of this new 
religion 2 in a book that covered every aspect of the subject 
and would not need much revision even today. 

In the hunting grounds of Nice, Forjot and Kramarenko 



* Dr. R. Pulvenis: La Chasse aux poissons, G. Matnieu, Nice, 1940. 
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perfected the types o gun that they were later to exploit com- 
mercially; in Antibes, Lehoux, Dr. Piroux, and Portelatine 
already showed themselves to be champions; in Cannes, it was 
Broussard and Cheneve; in Beauvallon, Eonnet, Le Prieur, 
and Toledo. 

Those attempts were, however, very sporadic. Twenty-five 
years ago each of us believed he had discovered a new sport, 
a source of new emotions. We formed very local teams, and 
we had only a few contacts. 1 still remember my surprise 
when 1 saw for the first time the goggles that produced a 
visual field that was single instead of double, the "monogog- 
gle" as they were called, very different from our small binoc- 
ular Fernez, which made us squint. In Nice, all those who 
were attracted by underwater diving were akeady using 
them. There was not yet any commercialized form of weapon. 
Every one of us added individual touches to "his" gun, con- 
ceived in a fervor, burnished lovingly, fashioned with the 
help of the local wheelwright and mechanic; each invented 
his own arrow points, devised his own patent gadgets, hold- 
ing forth endlessly, during the long sunny days, on the merits 
of his tricks. For it was no longer the era of the primitive 
spear that we had used at the outset. Pieces of elastic were 
attached to hooks, coiled springs were stretched or com- 
pressed, watertight tubes were hollowed out, novel kinds of 
triggers and accurate sights were invented and fitted- Of those 
long hours spent in the cool darkness of the workshops amid 
the noise of pulleys driven by wide leather bands, of the all- 
pervading smell, a mixture of metal and dust, I still retain a 
tender memory and extremely vivid sensations. Outside the 
air was heavy with the heat, a faint but unmistakable odor of 
garlic and pastis assailed the nostrils, as did the more subtle 
iodine smell of the nearby Mediterranean waters. On our 
steel shafts, gripped in the vise, we manipulated the hand 
drill or the cold chisel, and, intellectuals delighted by manual 
work, we pierced, molded, sharpened, polished, and soldered 
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lovingly. A special kind of fervor held us in thrall, a complex 
emotion in which were mingled the joy of the creator, the 
excitement of the hunter, and the pride of the pioneer. It was 
thus that, little by little, the first real weapons, the first ac- 
cessories for underwater hunting saw the light. 

In 1927, and during each summer from 1927 to 1930, on 
the beach of La Croix-Valmer, Jacques O'Marchal could be 
seen using the first face mask and the first breathing tube. He 
exhibited them, in fact, in 1931, at the International Nautical 
Show. On his feet, moreover, he wore the first * 'flippers" de- 
signed by Captain de Corlieu, the use of which was to become 
universal. In 1933 appeared in succession the first type of 
Tarzan with elastic propulsion, which Beuchat was begin- 
ning to perfect, and which he commercialized only in 1938, 
and a mask that Commander Le Prieur had just adapted for 
his second type of diving suit. The great year, the year of ex- 
pansion, was 1938. Then Phillippe Taillez and Fr^d^ric 
Dumas could be seen patrolling in Sanary, with the whole of 
Captain Cousteau's team (he was then only lieutenant- 
commander); in Cannes fishermen were astounded by a 
phenomenal American diver, Gilpatric, who impaled his prey 
with a Polynesian spear more skillfully than a native of the 
Tuomotu or the Gambier Islands. It was he who was to write 
one of the first books on underwater hunting and the dis- 
coveries it has led to: The Compleat Goggler? 

The year 1938 saw our sport enter the commercial phase* 
Forjot took out a patent in Nice for a ''rubber mask enclos- 
ing the nose and the eyes behind a single glass" and the first 
spring gun, the Douglas (with compression and release for the 
spring). In Nice again Pulvenis produced his " Waterless/' and 
Kramerenko his Fusil Am<ricain. After the war, the Hurri- 



Goggler has become a synonym of underwater hunter (from; to goggle), 
The goggler is that strange animal who, behind his mask, presents the typical 
and somewhat comical look of a bewildered person. 
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cane firm launched Its productions on a large scale. 4 In any 
case, it was the end of the individual period, o the period of 
craftsmanship in underwater hunting. The commercial stage, 
with its publicity, its mass production and also its huge finan- 
cial benefits (some firms have a turnover of 100 millions) had 
arrived. The few dozen madmen at whom fingers were pointed 
had multiplied tremendously. Where France alone was con- 
cerned, the figure of fifteen thousand hunters was commonly 
mentioned; they were armed with pneumatic guns, and har- 
nessed from top to toe in compensating masks, heated water- 
tight suits, etc. The Ford Model T had been succeeded by 
the powerful Bentley and the exciting Mercedes. Shall I dare 
to confess that we regretted from time to time the Model T? 
Our memories, our emotions, and our difficulties, were, how- 
ever, rather out of place: underwater hunting had "arrived."" 
We must, of course, in the face of such a craze, give its just 
due to the part played by snobbery. On the beach of Cannes,, 
a pleasant and vigorous turner from, the Renault factories, 
exasperated by the ostentatious but strictly terrestrial evolu- 
tions of two youths, harnessed as for whale hunting and more 
interested in creating an impression on the feminine popula- 
tion than in bringing death and affliction to the submarine 
hordes, told me: "You write everywhere that there are In 
France fifteen thousand underwater hunters. You mean that 
the shops have sold fifteen thousand guns. But, between our- 
selves, how many out of that number will really be used? No 
more than four or five thousand, wouldn't you say? And you 
know quite well that a good many of those will never be 
taken more than a few inches under the water. The number 
that find their way into the hands of divers who know their 
stuff, and get down to twenty-five or thirty feet, won't be 
more than two thousand at most." 



4 In France alone, we may mention among the most important manufac- 
turers of underwater weapons the following firms; Champion, Glume, Douglag, 
Bubois, Fusido, Hurrxsport, Meps, Montana, Sagittaire, Tamil, United Agency 
(American). 
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Our irritable turner was quite right. So what? The propor- 
tion of real underwater hunters seems to us to be very reason- 
able and acceptable. How many Frenchmen leave lying about 
in some corner of their flat a pair of hickory skis . . . and how 
many of these are capable of tackling the Olympique of 
Mgve or the "A" of the Solaise at Val d'Isere? How many 
people have an excellent camera tucked away in a cupboard, 
and what is the percentage of really serious amateur photog- 
raphers? If only those two thousand, initiated into the secrets 
of the seas, have known the anxieties and the exaltations of 
deep diving, we should still be grateful to our sport that has 
brought this about, and we should raise our hat to a bene- 
ficial snobbery. 

3. The Necessary Physiological Conditions 

How often, when we underwater enthusiasts begin to sing the 
praises of our sport, do we hear the retort, "Ah yes, I am sure 
underwater hunting must be a wonderful thing, but it's a bit 
too late in the day for me to take it up, I'm afraid"; or else, 
as a variant, "I can't swim well enough"; or again, "Too tir- 
ing for me, I am nothing of an athlete/' 

Not a single one of those arguments is valid. Age has noth- 
ing to do with it. I am aware that underwater hunters are 
recruited from the youth hostels rather than from among the 
Academicians. Nothing, however, would prevent Marcel 
Pagnol or Jules Romains from fishing with a harpoon, pro- 
vided they were not suffering from cardiac disease, some 
chronic pulmonary affection, or definite high blood pressure. 
In order to descend beneath the water, it is quite sufficient to 
have good average health, without any disease of the heart, 
arteries, or lungs. There is no need to be a champion athlete 
or to be the proud possessor of the black belt for judo. Con- 
trary to popular belief, it is not even necessary to know how 
to swim (note that I do not say "swim well"). Man, in fact, 
floats naturally. Any swimmer can prove this for himself if he 
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relaxes, expands his chest fully, and entrusts himself entirely 
to the water; he will then find that he remains in complete 
equilibrium. This is so true that this buoyancy has been esti- 
mated as being between seven and one-half and eleven 
pounds according to the individuals, and when learning to 
dive, the beginner has the greatest difficulty in overcoming 
this resistance to sinking, often providing an amusing spec- 
tacle for his more experienced initiators. The latter have 
taken precautions, and, after a series of more or less fumbling 
experiments (for each individual must find his optimum 
ballast), they load themselves with that weight of lead cal- 
culated to make them sink the most rapidly without hamper- 
ing them in their evolutions. Special belts, onto which lead 
cubes can be slid as on an abacus, make it possible to find out, 
in a very short time, how much extra weight is required. 

The question of cold is a much more serious one. In this 
respect, individual conditions play a very important part. In 
our Mediterranean waters, which have a temperature of 64 
to 73 degrees Fahrenheit in summer, some people can stay 
without feeling uncomfortable for more than three hours. 
Others are unable to stand it for three-quarters of an hour. 
We are dealing here with a complex physiological problem, 
which involves such factors as allergy to cold, hepatic insuffi- 
ciency, arthritis, and so on. At first, one could only counsel 
resignation to those individuals sensitive to the cold. Now- 
adays, thanks to the watertight suits that manufacturers have 
placed at our disposal, those who cannot tolerate the cold can 
defy the rigors of hypothermia, while others have been en- 
abled to enlarge considerably the field of their marine activ- 
ities; they can hunt even during the cold seasons, in autumn, 
and in winter; they can aspire to the exploration of regions 
hitherto deemed unsuitable, such as the lakes of the Italian 
mountains, the Norwegian fiords, or the waters o Scotland 
or Ireland* 

For the pursuit of game that is quick at camouflaging itself 
and crafty to a degree, excellent sight is required. The near- 
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sighted, and in general all individuals with abnormal sight, 
are handicapped. Nearsighted myself, I had solved the prob- 
lem by having the ordinary plain glasses of a pair of binoc- 
ular goggles of the Fernez type replaced by my own lenses. 
The solution was far from being perfect, seriously hampering 
me in the deepest part of my dives, as well as restricting the 
visual field to a considerable degree. Soupne has found an 
ingenious solution to this annoying problem. He has had 
constructed (and commercialized) a plastic frame that is de- 
signed so that it just fits inside the ordinary mask (in this 
instance, the Squale). It thus remains fixed, parallel to the 
direction of the width of the mask. It is maintained at a given 
distance from the glass of the mask, on which it in fact rests 
by a kind of tripod made of similar plastic material (it is as if 
one had turned one's glasses over and sawn through the ear- 
pieces). It only remains to have one's own lenses fitted onto 
such a frame. Furthermore and this surely is the ne plus 
ultra of research the formula for the correcting lenses (the 
number of diopters) is modified, and the distance from the 
glass of the mask to the lenses of the spectacles is such that 
the normal visual error caused by looking through water- 
due to the difference between its refractive index and that of 
air is corrected. The image is formed exactly on the retina, 
and objects are seen in their normal size. 

Lastly, it goes without saying that divers must be free from 
ear lesions, sinus infections, or even ordinary rhinitis. Other- 
wise diving becomes a painful exercise which can, moreover, 
have dangerous consequences. And in this respect, one should 
not listen to those knowing individuals who propose the use 
of Qui&s balls or of some other sort of protecting device that 
is inserted into the ear. They ignore the fact that such a de- 
vice has the effect of imprisoning a layer of air between itself 
and the tympanic membrane. This air which may be quite 
minute in volume is sealed off, and therefore remains at at- 
mospheric pressure, whereas the pressure of the air contained 
in the pharynx, Eustachian tubes, and middle ear varies to 
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correspond with that of the surrounding water, gradually In- 
creasing as one dives more deeply. There is thus a difference 
of pressure on the two sides of the tympanic membrane, and 
if this difference becomes sufficiently great, as it may do if the 
diver goes deeply enough, rupture of the tympanic mem- 
brane may occur, and that from within outward, thus en- 
abling the septic contents of the mouth to infect the trau- 
matic otitis that has just occurred. 

4. The Equipment Required for Underwater Hunting 

This is extremely simple and costs little. First, a face mask in 
molded rubber encloses the eyes and the nose in a confined 
atmosphere. A simple pane of glass in front of the eyes is all 
that is necessary to permit clear vision. Designed to receive 
sharp images in an aerial environment, our retina gives us 
completely blurred images when we open our eyes in the 
water. It is sufficient to interpose a layer of air between them 
and the liquid environment for the vision again to become 
almost normal, except that objects appear slightly nearer and 
larger than is actually the case. That, in fact, is what happens 
when we stand in front of an aquarium, the glass of which 
enables us without difficulty to admire the evolutions of the 
fish in their transparent cage. 

Wearing* one of these masks, which have been extensively 
commercialized, 5 the underwater hunter is able to peruse 
with perfect clarity the scenery of the depths, provided, of 
course, that the water is luminous and transparent, and is free 
from too much organic suspension* Visibility extends up to 
160 feet in the Mediterranean Sea, the Adriatic, the Reel Sea, 
the Coral Sea, and the Caribbean Sea* In every case,, where 
dives not exceeding forty to sixty feet are concerned (that is 



& Until recently, frontal vision alone was possible* We have, how<*vcr recently 

taken out a patent for a type of mask with lateral vision, which mcreajjo the 
field by 120 degrees. 
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to say the deepest that men can normally undertake without 
any breathing apparatus), it can be definitely stated that, in 
those seas, visibility is always sufficient. One cannot say that 
much of the North Sea and the Channel. Throughout the 
greater part of their expanse, even near the surface, visibility 
is almost nil. In the Atlantic it is extremely variable. 

It is evident that the nose, thus enclosed, can no longer act 
as a respiratory organ. It is solely by breathing in and out of 
the mouth that the necessary oxygenation is carried out. As 
the mouth is under water, a tube on which the teeth are 
clamped brings to it the necessary air from the surface. The 
swimmer resembles, from a distance, a minute submarine 
traveling close to the surface, with a pocket periscope. That 
is why many call that tube a "snorkel," and others "tube," 
"respirator," etc. We must, however, point out that it is 
merely a simple and convenient device that obviates the ne- 
cessity, while swimming near the surface, of having constantly 
to lift the submerged head (the eyes searching in the depths 
and scrutinizing the neighborhood) in order to breathe air. 
As soon as one dives, the tube fills with water and is no longer 
of any use for breathing. The underwater hunter is in ex- 
actly the same condition as any ordinary diver, that is to say 
his breathing is entirely suspended, I am stressing the real 
use of such an accessory because the lack of understanding of 
the public in this respect seems to be very deeply rooted. 
Every time that, after a lecture, I have asked for questions 
from my audience, someone has enquired, "But how does 
your breathing tube function under the water?" The answer 
is very simple: it does not function, for the excellent reason 
that it is not an immersion respiratory device. Moreover, 
though you have the right to explore, to prospect, to roam to 
your heart's content in the submarine depths with the aid of 
the most complicated diving suits or the simplest respiratory 
device, as soon as you have a gun in your hand, the use of any 
breathing apparatus is forbidden. The rules of underwater 
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hunting are quite definite: "It is forbidden to use any res- 
piratory device in deep diving." 6 

The gun is evidently the piece de resistance of the whole 
display. A gun which may, according to personal preference, 
be of any type, shape, or weight. There are long weapons 
chiefly designed for swimming game, short ones more espe- 
cially used for hunting rock fishes. The missile is propelled 
by means of a powerful spring, by compressed air, or by a 
cartridge of GOz (such mixtures are forbidden unless their 
expansion takes place in a watertight tube). Crossbows, pis- 
tols, carbines the series is complete. There are floating guns 
made of wood, which when released rise to the surface; and 
on the contrary there are heavy weapons, which one must be 
very careful not to lose in great depths. The ingenuity of the 
inventors is most strikingly demonstrated by the various 
kinds of patent "trick" arrowheads designed to ensure that 
the quarry is well and truly captured, and to prevent its 
escaping at the last minute, when victory seems assured. 
Piano wires, double, triple, quadruple; barbs which open 
cruelly in the flesh and secure the unfortunate prey; winglike 
appendages, encased in innocent-seeming grooves, which 
open out wickedly to form a cross every sort of device is 
pressed into service by man in order to affirm his domination. 
Whatever the type of gun or the shape of the arrows cm- 
ployed, however, we can rest assured that their use necessi- 
tates coolheadedness, technique, patience, and a great deal of 
skill. 

Flippers or swim fins have become an indispensable acces- 
sory. They have changed little since the first ones were in- 
vented by de Corlieu, They are supple planes that prolong 
the human foot, conferring upon it a greatly increased power 
of pushing against the water and propelling the whole body, 
just as a fish does with its tail and its fins. The swimming 
speed is thus increased by half, movements in the water gain 



6 This of course refers to the rules of France, Ed. 
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in suppleness and In efficiency, and lastly diving can be per- 
formed with increased rapidity, while the ease with which 
one can maneuver at the bottom of the water is remarkable. 
No hunter can revert to naked feet once he has used the 
flippers. Some prefer them to be rigid, made of plastic or 
aluminum, while others remain faithful to hardened rubber, 
or to half-supple rubber; this is a matter of personal prefer- 
ence. 

Then the hunter needs some appliance for retaining the 
fish he has captured, which he can tow behind him in calm 
waters. The simplest kind of fish hanger is a split metal ring 
that can be threaded through the gills or made to pierce the 
head from one eye to another. In more frequented waters, of 
course, such as those tropical ones where the barracuda is 
busy and where sharks roam, it is prudent not to get too close 
to a larder so tempting to the carnivores of the depths. The 
divers of the Caribbean, the Egyptian hunters of the Red Sea, 
the Australian underwater hunters, have had plenty of mis- 
adventures, which have been related elsewhere; we shall re- 
count our own experiences in the chapter devoted to sharks. 

Last but not least, the knife. Carried in a leather sheath at- 
tached to the belt, this knife has a cork handle and will float 
as soon as it is released. It is a particularly useful accessory, 
not so much in order to defend oneself against the danger of 
attack by monsters such as giant sharks or sawfishes, but be- 
cause it may intervene just in time to sever a nylon rope en- 
tangled around your legs while the fear of asphyxia distends 
your veins and twists your heart, to cut off an improbable but 
possible tentacle of an octopus that has mistaken your species 
and encircles your ankle as if it were some delicious marine 
morsel, to divide the cord that connects you to the arrow you 
have inconsiderately stuck into a giant tuna diving at full 
speed toward the depths. Without a knife, you have to let 
everything go, and then good-by to your beautiful gun. 

The adjustable belt weighted with lead is very useful, par- 
ticularly when the specific gravity of the diver is on the low 
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side, that is to say when he is rather fat. Resistance to diving 
then becomes very hampering. Instead of placing the ballast 
on the belt, some prefer a kind of leaden necklace, which 
makes the head and shoulders heavier than the rest of the 
body, thus facilitating gliding into the depths. 

Finally, when one comes to maneuver on rocky bottoms, 
particularly on coral reefs, a glove on the left hand is essen- 
tial, in order to permit one to cling on without the risk of 
stings or wounds, the former caused by stinging polyps, and 
the latter by their spiny skeletons. 

5. Geography of Underwater Hunting 

The necessity for perfect visibility and a comfortable tem- 
perature limits the practice of underwater hunting to certain 
waters in which these factors are favorable. 

In Europe, the French coasts are impracticable where they 
are washed by the North Sea, as the latter is well-nigh 
opaque. Only certain places in the Channel are possible: 
Jersey, the coast of Roscoff, and Ploumanach. The Atlantic 
permits of better visibility, and Belle-Ile-en-Mer, as well as 
the islands of R6 and Ol^ron, have their supporters. One 
must then go much farther down the coast before finding 
suitable spots in the bay of Arcachon, in the vicinity of the 
estuary of the Adour and Saint-Jean-de-Luz. The region that 
presents the most favorable conditions is, of course, the Medi- 
terranean Sea, from Cerb^re to Monte Carlo, including the 
very fully explored zone from Marseille to the Italian fron- 
tier. Such a beaten track is the latter, in fact, that the funda- 
mental condition for the sport is lacking nowadays; the pres- 
ence of game. We shall see, later on, why such absence has 
succeeded the periods of abundance that the old hands knew 
so well. In the Gulf of Lion, Corsica attracts, each summer, 
numerous enthusiastic harpoonists. The northern and south- 
ern tips of the island and its west coast still make excellent 
hunting grounds. 
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The other nations have not been long in following the ex- 
ample of France. Spain can point with pride to a very large 
body of underwater hunters who have been quick to avail 
themselves of the facilities offered by its immense coast 
line. The Mediterranean waters of the Costa Brava, from 
Cadaques to Barcelona, are frequented by the members of 
the Asociadon de Pesca Submarina, numbering among their 
ranks several champions who carry out remarkable perform- 
ances. Farther south, as far as Gibraltar, the size of the quar- 
ries becomes more and more impressive. So we arrive gradu- 
ally at the Atlantic waters. I have no precise knowledge of 
the Portuguese coasts, but farther to the north,, I know that 
the northern Spanish coast from Bilbao to La Corufia pre- 
sents a good deal of interest. Lastly, the Balearic Isles, with 
Mallorca and Minorca, as well as the picturesque Ibiza, hold 
for the traveler many pleasant surprises in the form of lovely 
scenery set against an astonishing background. 

Italy is in the process of becoming the choice site for 
underwater hunting. The shores of the Adriatic, the Tyr- 
rhenian and Ionian coasts, the rocks of Sicily, the Lipari 
Islands where red coral and sponges clothe the sea bottom, 
hold the possibility of a thousand hunting discoveries. The 
fishing societies can boast numbers of sportsmen who have 
not hesitated to challenge the world record for free dive in 
apnea, which is 128 feet (Raimondo Bucher), an almost un- 
believable performance. 

Yugoslavia and the Dalmatian islands, Greece with the 
Cyclades, and Cephaloma have their underwater hunters, and 
some of my friends have braved the rigors of the Danish 
fiords, clad, however, in protective suits. 

Lastly, there are the whole of Africa, America, and Asia, 
continents that conceal an immense number of possible terri- 
tories and an enormous extent of warm waters full of prom- 
ise for impatient guns. Tunisia, from the island of Djerba to 
Tabarca and the island of La Galite, is worth the journey 
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entailed. Algeria herself, despite squadrons of gallant hunt- 
ers, is far from being devastated; from Bone to the Zaffarine 
Islands there are numerous excellent spots. The Atlantic 
coast of Morocco is not practicable everywhere, but I have 
numbers of letters and photographs from friends, who have 
told me of their exploits between Agadir and Safi. 

In the Indian Ocean, there are Madagascar and La R6- 
union; in the Pacific, the Marquesas, the New Hebrides, the 
Tuamotu, and the Society Islands; there is the Indo-Chinese 
coast, washed by the waters of the China Sea; and in the 
Caribbean Sea, Guadeloupe and Martinique, Cuba, Haiti, 
and Santo Domingo. What wonderful hunting grounds to 
know and explore! 

The United States, with California, Florida, and the coast 
of the Gulf of Mexico, has become filled with enthusiasm for 
this new kind of hunting. More than 100,000 youths have 
thrown themselves heart and soul into this sport, which pos- 
sesses all the elements needed to satisfy the American spirit 
of adventure and love of risk. 

Brazil, lastly, has captured the world records by hauling 
out of the waters of Rio de Janeiro gigantic groupers, the 
biggest weighing 607 pounds. Egyptian and Australian waters 
are notorious for the density of the shark population; the 
various different species appear to be more abundant, as well 
as more ferocious, in the waters of Sydney and those of the 
Red Sea than anywhere else on earth. 

From one end of the world to the other, near the most fre- 
quented coasts as well as those bordering the most arid 
deserts, off Capri and along the shores of Eritrea, wherever it 
is practicable, one may see, protruding a ridiculous few 
inches above the water, a breathing tube, the bluish flash o 
a gun disappearing under the surface and, weak, vulnerable, 
one with his weapon and his aerial tube, there goes an under- 
water hunter who will never stop relating, "There I was . . . 
and do you know what happened then . , ," 
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6. Physiological Dangers of Underwater Hunting 

Certain unpleasant eventualities may befall the underwater 
hunter, which have nothing to do with fishing or hunting. 
They serve to remind the diver, brutally, of the fact that he 
is, after all, only a vulnerable air-breathing animal, and that 
he must put a check on his daring and control his impatience. 
They partake of the nature of those risks and accidents in- 
herent in any sport, and more especially when the sport is 
one that entails the invasion by man of an environment from 
which he is normally excluded. 

To be honest, we must recognize that our diving is fraught 
with a certain amount of danger. We are not thinking here 
of the five or six annual deaths that befall underwater hunt- 
ers and that, every summer, plunge the local papers into 
mourning as well as provide them with copy. The reader will, 
I hope, grant me that out of the number of cove explorers 
who disport themselves in the dog days, and chiefly among 
those of rather more advanced years, and who anyhow have 
not even sought medical advice on the state of their health, 
there must necessarily be some who fall victims to angina 
pectoris or arterial embolism, some who are allergic to cold 
(reflex syncope), and some who are suffering from cardiac 
disease or hyperthyroidism and are ignorant of their con- 
ditionor those who simply overestimate their strength. If 
they die in the water, as the result of a sudden internal catas- 
trophe, they might just as easily have died suddenly on land. 
The pressure, the cold, the anxiety have merely precipitated 
their fate. It remains true, however, that they have died vic- 
tims of their presumption and of the failure of an unhealthy 
organism, and not of underwater hunting. 

Everybody knows, on the other hand, that the human or- 
ganism, even if young and perfectly healthy, reacts to diving. 
At the surface of the ground and the level of the sea, our 
integuments are subjected to a pressure of one atmosphere, 
that is to say 14.7 pounds per square inch. A man of average 
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size is submitted to an over-all pressure amounting to 17 tons, 
and is not affected thereby! This pressure is doubled at a 
depth of thirty-three feet (34 tons), and trebled at sixty-six 
feet (51 tons). Theoretically, this is enormous. A diver who 
ascends to the surface from a depth of thirty-three feet con- 
sequently passes from a pressure of two atmospheres to the 
ordinary atmospheric pressure: the pressure he was with- 
standing has diminished by one-half. On earth, he would 
have had to go up to a height of eighteen thousand feet to ex- 
perience the same diminution of pressure. Leaving the 
ground, at one atmosphere, his body would be submitted to 
half an atmosphere on a mountaintop eighteen thousand feet 
high, or if his plane reached that altitude. One might say 
therefore that the "atmospheric action" of thirty- three feet 
of water is equivalent to that of eighteen thousand feet of air. 
To which the physicians answer that the matter is of little 
importance. The human body, being practically incompressi- 
ble, does not suffer from such an excess of pressure. It is not, 
however, homogeneous, not constructed from a single block 
of one material only, but it is hollowed out with cavities. The 
thoracic cage enclosing the lungs, and the abdominal cavity 
containing the various sub-diaphragmatic viscera, are the 
largest of these cavities. Here, the deformations and other 
forms of interference caused by pressure do no harm; the 
elasticity, the suppleness of these anatomical "boxes" enable 
their contents to function satisfactorily; on one hand there is 
sufficient free play, while on the other the viscera are emi- 
nently plastic. It is, however, quite a different matter where 
small bony and consequently rigid cavities, such as the facial 
sinuses and the middle and internal ears, are concerned. Ac- 
cording to individual dispositions and the state of the organs, 
even quite shallow dives may bring about various disturb- 
ances and troubles; or, oil the contrary, no subjective reac- 
tions may be experienced even at quite considerable depths. 
Submersion to a depth of a few feet may cause, in certain 
predisposed individuals, acute neuralgia due to traumatic 
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sinusitis, maxillary pains caused by irritation of the dental 
pulp, pain and throbbing in the ear due to excessive pressure 
on the tympanic membranes. These are all indications that 
should warn the diver to be careful and not to persist. He has 
been advised to have recourse to frequent swallowing, should 
such pains occur; it has been explained to him that in this 
way some of the reserve pulmonary air held in the mouth, 
pharynx, and naso-pharynx would be able to pass, via the 
canal of the Eustachian tube which opens during the act of 
swallowing, into the inner ear. In the same fashion, the air 
passes by way of the frontonasal and nasomaxillary ducts into 
the facial sinuses. Thus the balance that has been upset by 
the increase of the external pressure is re-established. If swal- 
lowing does not make the pain disappear, it is better not to 
persevere; the diver has unhealthy sinuses, is "sickening" for 
a cold, or possesses a temporarily irritable dental pulp. 

If he pays no heed to those salutary alarm signals, the trou- 
bles start: he reaches the surface with a mask that is full of 
blood, or he hears a kind of explosion accompanied by a very 
acute pain in the ear a spontaneous perforation of the tym- 
panic membrane, which is not, however, an exceptionally 
serious matter or else he is laid low with a troublesome si- 
nusitis which drags on, forbidding for the time any further 
practice of underwater hunting and spoiling the holiday to 
which he had been so much looking forward. 

Quite different, and considerably more serious, are those 
lesions of the semicircular canals, half-circles that are oriented 
in the three planes of space and are enclosed within the lab- 
yrinth of the inner ear. A shrill noise, a temporary blackout, 
a boring pain in the ear, are the three sudden and dramatic 
signs that point to the diagnosis. If such an accident occurs, 
it is invariably when the diver has reached a depth of fifty 
feet or more. For a second he loses consciousness: when lucid- 
ity returns, he realizes that he is merely exhausting himself 
in vain efforts to return to the surface, which he can see 
shimmering like mercury. His movements, the coordination 
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of his swimming, the direction of his course, seem to exist 
independently of each other and are no longer under the 
control of his brain. This is because the system on which de- 
pend the sense of equilibrium and that of orientation has 
been suddenly thrown completely out of gear; the matter can 
be extremely serious. If the diver is alone, it may well be the 
final, irremediable catastrophe; he swims around stupidly, 
trying in vain to ascend, to return to his true realm, his 
aerial universe. He rapidly becomes exhausted, and it is not 
long before asphyxia supervenes. If a post-mortem is ordered, 
the explanation is forthcoming, being revealed by the pres- 
ence of the rupture, which has led either to hemorrhage into 
the semicircular canals or to simple mechanical irritation of 
them. If by good fortune a friend has witnessed the scene, 
which is always a very dramatic one, a rescue may be effected, 
in which case a livid man, bleeding from the ears and nose 
and complaining of intense giddiness and extreme fatigue, 
is brought to the surface. 

Apart from such dramatic accidents, which are fortunately 
rare and remain the price that may have to be paid for mak- 
ing imprudently deep dives, we must point out that even 
medium-depth dives, if repeated too often, are liable to bring 
about chronic physiological changes. Fatiguability and in- 
crease of heart rate due to the effort imposed upon, a heart 
submitted to thousands of compressions and decompressions 
may result, as may loss of the suppleness of the elastic fibers 
of the pulmonary alveolis with consequent emphysema, 7 

Lastly, what kind of dives can be undertaken by a normal 
individual desirous of penetrating into the submarine uni- 
verse without running such risks? The immense majority of 
hunters do not go deeper than 16 or so feet. The preliminary 
pains in the ears, which disappear with training, soon stop 
them, and they dare riot proceed farther. Average divers can 



7 For the sake of completeness, we may mention that three cases of 

of the lung in underwater hunters have heen reported by Professor Sanly of 
Lyons in the Presse Medicate, 



UNDERWATER HUNTING 



reach 26 or 30 feet. To be able to dive to 40 or 45 feet, one 
must be a very experienced hunter and a relatively daring 
one. Beyond these depths there have been exceptional per- 
formances, which I do not advise anybody to attempt, in my 
double capacity as an experienced hunter and a doctor. Of 
course there are, as in any sport, the rare phenomena, the 
exceptions that prove the rule, such as the Italian champion, 
Raimondo Bucher, who has just beaten the world record for 
free diving in apnea with a descent to 128 feet, a tribute to 
remarkable courage and solid training. It remains, however, 
to see what he is like in a few years; if he has not become deaf, 
with a beautiful cardiac hypertrophy visible on X-ray plates, 
then my experience is not worth much. 

When practiced in depths not exceeding 20 to 30 feet, with- 
out omitting, moreover, to undergo a yearly medical exami- 
nation, underwater hunting is one of the most exciting sports 
there is, one which develops the reflexes, strengthens the will 
power, provides fresh intellectual interests, increases the re- 
spiratory capacity, and is a source of solid and noble joys. 



CHAPTER 



The Underwater Hunters Contribution 
to Submarine Knowledge 



LET us ACCEPT the following postulate: The Mar- 
tians have succeeded In crossing the fifty million-odd miles of 

space separating their planet from ours, but, for reasons in- 
herent in their particular physiology (which escape our 

Terran understanding), they are stopped by the atmosphere 
surrounding our globe, which forms for them, at a distance 
of two miles, a kind of impenetrable halo, a curtain of mist 
that prevents them from making any visual observations of 
the Earth. Outside the limits of this atmosphere so lethal 
to them, the Martians are encircling us in their monstrous 
spaceships. They know that beneath this nebulous barrier is 
the Earth; they have established scientifically the astronomical 
and geological data, but, halted at a distance of two miles 
from its surface, they can know nothing of it directly. Their 
detecting devices are, of course, ultramodern. With the aid of 
soundings, they piece together the general features of Karth's 
relief, they locate our rivers and our mountains. But what 
about the rest? What means have they of knowing, when they 
catch au eagle (if they succeed in doing so) that they have 
there an inhabitant of the mountains, of their very highest 
40 
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summits? How can they form any conception of the patient 
vigils of the royal bird, its gliding flight, wings widespread 
and nearly motionless, or of the final sudden swoop, the dive 
toward some helpless chicken, rabbit, or lamb? 

Even after they have succeeded, with their perfected grab 
nets, in capturing a dozen or so sheep, quickly reaching agree- 
ment concerning the gregarious habits and herbivorous mode 
of feeding of these humble animals, will they be much the 
better off for it? Who looked after those sheep and directed 
them to the best grazing grounds? The shepherd who, how- 
ever, has avoided the trap. Who is the savage enemy that 
harries them, every now and then seizing and carrying off 
one of their number? The wolf only he is too crafty and 
mistrustful of anything that looks like a cage or a trap to 
allow himself to be taken prisoner. Would the Martians dis- 
criminate between the various races of sheep, noting the local 
differences? How could they form any idea of the immense 
expanses of the Brazilian forests, supposing that they had no 
trees on their planet? If their monstrous traps were able to 
seize and bring back, hopelessly jumbled up, all the different 
elements that constitute a village, which of their specialized 
terranographers could reassemble the little church with its 
slate steeple on its central square; restore life once more to 
the rectory with its lichen-encrusted tombstones; re-erect the 
market hall now emptied of its milling throng of shoppers, 
filled no longer with the lowings, the Heatings, and the all- 
pervading smell of the farm beasts? By what means would 
they be able to compile an accurate and continuous account 
of human life, of our everyday existence? Could they form a 
mental picture of the unbelievable crowding of our under- 
ground railways, as a result of an examination of a single 
coach deserted by its occupants? In what way could they 
arrive at a conception, even the faintest one, of the collective 
sentiments that actuate mankind, of those impulses of faith 
that inspire the worshipers in the purplish twilight of their 
churches, of the emotions that lift our spirits to such heights 
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when we listen to a Beethoven symphony or an oratorio by 
Handel? Methods of communication, places of worship, con- 
cert halls, and instruments designed to emit sounds, these 
alone the Martians would be able to understand, to label 
and that in itself would be something. The best they could 
do by such means, however, would be to get a few scattered 
glimpses of our collective life, based on chance discoveries, 
shapeless fragments of truth, as if one were to pick up half a 
dozen pieces of a jigsaw puzzle and expect to be able to recon- 
struct the entire picture from them. A true synthesis a real 
understanding of the Terran, his way of life, emotions, 
dramas, and joys would remain unattainable. 

If, however, some notable advance of Martian science en- 
abled the planet's inhabitants to overcome the above-men- 
tioned deleterious atmospheric barrier, and thousands of 
Martian parachutists provided with special goggles or space 
helmets dropped onto our globe, the problem of finding out 
all about Earth would be well on the way to being solved. 
After their leap into the unknown, the experts would return 
to report their observations, doubtless expressing consider- 
able surprise at some of the things they had learned. Hun- 
dreds of thousands of stereoscopic pictures, three-dimensional 
films, full-sized dioramas would enable them to compile a 
colossal, copiously illustrated documentation. No longer 
would Mars remain in ignorance of the smiling pastoral 
charm of Anjou or the atrocious aridity of the Hoggar. Mars 
would marvel at the almost biblical simplicity of our grape- 
gathering, as, under the warm September sun, the songs of 
the gatherers seem to mingle with the golden glow of the 
fragrant vines. Mars would be surprised at; the faithfulness 
of our dogs, the hats of our feminine companions, the height 
of New York skyscrapers, the murderous folly of the atom 
bomb, and the corpses o those who have died of starvation 
in the streets of: India. In a short time, the acquisition of 
knowledge about our Earth would have become an accom- 
plished fact. 
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Underwater hunting, only during the last few years, has 
given to thousands the opportunity of opening their eyes on 
a world of which our knowledge had been fragmentary. 
Oceanographers, from their situation above the barrier of the 
surface, were as lacking as the Martians of my hypothesis in 
the means of penetrating the secrets of the submarine world. 
I am thinking here chiefly of the living world of the waters, 
which must be patiently observed and its evolutions care- 
fully followed and studied over a long period. All at once, 
hundreds of men have found themselves able to watch the 
hosts of the sea in their daily life, to observe them in their 
villages, accumulations of rocks, or muddy dens, gliding 
above their fields of seaweed or sheltering in the shadow of 
their caves. These men, too, tell of the wonders they have 
seen to the Terrans of the world above, to the skeptical ex- 
perts, whose profession it happens to be to know all about the 
sea. These explorers of the depths do not all possess scientific 
minds far from it. To observe accurately and to be able to 
describe what one has seen, it is necessary to possess only 
objectivity and general culture. A select few, however, well 
versed in critical phenomenology and in methodical experi- 
mentation, have been able to command the allegiance of 
authentic experts, biologists and oceanographers, of whom 
we will speak more at length, and who have not hesitated 
to follow In their wake, a wake marked by iridescent bubbles, 
and to profit by their experience. These few represent so 
many leaders of a fascinating and new method of gaining 
oceanographical biological knowledge. Around them have 
been formed teams of students who, after Initiation Into the 
mysteries of diving, are directed, as part of a general frame- 
work of research, to study more accurately this or that deli- 
cate problem. No one doubts that the results of such a 
large-scale enterprise will be extremely rewarding. 
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1. Ethology as Observed by Underwater Hunters. The 
Habits of Fish in Their Natural Environment 

Ichthyologists and zoologists did not wait for the under- 
water hunters to establish the habits of fishes, mollusks, and 
echinoderms. Geoffroy Samt-Hilaire had already called this 
branch of the science of animal behavior "ecology," while 
Haeckel preferred the closely related term "ethology." * As 
far as the lower organisms are concerned, the matter seems 
relatively straightforward; it is natural to suppose that the 
mode of life of an annelid worm, a siphonophore, or a holo- 
thurian is more or less the same, whether in its natural habi- 
tat or under observation in a specially constructed aquarium 
or an artificial pool. For my part, I am convinced that the 
contrary is the case, that the freedom, unforeseen contingen- 
cies, and dangers of natural conditions are responsible for 
important modifications, even in the most primitive forms 

of life. 

When dealing with more differentiated animals, and par- 
ticularly with the vertebrates, it may be asserted with con- 
siderable confidence that observation in captivity can give 
us only a picture that is fairly remote from the true behavior 
of the animal under conditions of freedom. Masses of facts 
can be reported, graphic descriptions can be given of the life 
and habits of little-known organisms, and such fascinating 
observations may even attain, by their literary style and their 
wit, to the heights of true genius, as was the case with the 
work of Fabre, but the unpredictable element, the action of 
chance, the breath of freedom will always be missing. Experi- 
mental zoological study is, of course, a capital thing, provid- 
ing as it does the indispensable basic ideas: the organisation 
and the potentialities of the sensory organs, the genesis of 
the habits, the physical conditions necessary for their cstab- 

* Nowadays, ecology is defined as the science of the relationship of the en- 
vironment and conditions of existence of a living organism to thoae of another 

organism (Grasse), and ethology as the science of the habits of animal*. 
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lishment. It Is only later on that, armed with a solid founda- 
tion of knowledge acquired by laboratory experiments, one 
can pass on to the study of animals in their free state. One 
then encounters entirely new phenomena. The animal is no 
longer in a man-made, artificial environment, remote from 
natural hazards. Compelled to provide for its subsistence, 
constrained by sexual obligations, living in the constant fear 
of attack, not only from its enemies but also from its con- 
geners, the free animal lives, according to Long's expression, 
"under high pressure." Is it not indeed a matter of common 
observation that the human captive, limited in his activities 
by the very dimensions of his prison, with no intellectual de- 
sires, sad and solitary, displays a form of behavior essentially 
different from the habits of freedom, which include daily 
hustle, muscular activity, organized work, care of the family, 
and lastly love? 

Scientific observation, however, is not a matter for ama- 
teurs, the specialists will retort. The sportsman, the animal 
lover, the explorer, the hunter, they say, not content with 
merely relating the anecdote, the accepted fact, proceed to 
interpret, interpolate, and fall into anthropomorphism. A 
trained experimenter must separate the essential from the 
subsidiary; he must first of all limit himself to the reporting 
of the facts, leaving aside any metaphysical speculations. In 
order to indulge in conclusions and explanations, one must 
possess a very wide scientific knowledge, while a previous 
and thorough understanding o the many and varied kinds 
of animal behavior is necessary before venturing to interpret 
one of them. 

It is not for me, in my capacity as a doctor, to oppose this 
view. Popularizers, quacks, healers, patients themselves there 
exist a whole host of amateurs who, possessing no anatomical 
or physiological knowledge, and knowing nothing o diag- 
nostic pitfalls, nevertheless do not hesitate to discuss purely 
medical matters, often pronouncing decided opinions, or 
sometimes, I tremble to relate, actually practicing. I am not, 
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therefore, naive enough to believe that, besides the official 
regiment of the scientists, there is a clandestine but efficient 
army of amateurs to whom we should pay equal attention. 
What I do propose, however, is that, from the enormous 
number of those who nowadays penetrate daily into the ma- 
rine depths, a selection should be made of the most observant, 
objective, eclectic, and serious minds. Their observations 
could be considered and compared, which does not mean that 
they would necessarily be accepted. The expertsthe mala- 
cologists, the ichthyologists, and the zoologists would have 
the final say; it is they, in the last analysis, who must shoulder 
the responsibility. 

As a result of thousands of assertions made by underwater 
hunters, the habits of the Mediterranean fishes have now been 
firmly established, details being known that could never have 
been found in all the treatises on ichthyology. Those are 
not our wordsIf they were, we should quickly be accused 
of making a speech for the defense. No, it is the present 
professor of ichthyology of France's National Museum of 
Natural History, M. L6on Bertin, who says, explicitly: 2 "Ich- 
thyology, since Aristotle, has rested more or less exclusively 
upon the examination of corpses. Cuvier's and Valencienne's 
La Grande Histoire naturelle des poissons was written at the 
Museum o Natural History as a result of the study of collec- 
tions sent by explorers and preserved, more or less satisfac- 
torily (I was going to say more or less unsatisfactorily) in 
alcohol. Rare are those Ichthyologists who have seen the fishes 
at the moment of, their capture. Even rater are those who 
have observed them alive. This state of affairs is, of course, 
damaging, since on one hand, the fish in water is by no means 
the same as It Is out of it, and on the other hand, the biggest 
specimens cannot be caught with the usual fishing tackle. 1 * 
And farther on: "If we now pass on to the study of the habits 
o fish, it goes without saying that the diving hunter is the 
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only person in the world who is able to give us information, 
since this information has been acquired directly at its 
source/' And lastly: "When a Gorsky brings me a real-life 
account of some of his observations on fish, and a Cousteau 
moreover illustrates that data with remarkable photographs, 
I consider that they render science an exceptional service/* 
In these pages, which are intended to cover all aspects of 
submarine exploration, we cannot allow too much space to the 
chapter devoted to the observations made by hunting divers. 
It would require a book, a whole book, which I can clearly 
visualize, entitled Ichthyology Seen from Below. However, 
the reader, we hope, will allow us to report the result of our 
experiences concerning two or three species, so that he may 
more readily appreciate those new ecological vistas that have 
been opened up by the gradual meeting of man and animal 
in the bosom of the seas. 

A. The Habits of the Mullet 

Mullet (Mugil cephalus, M. auratus, M. chelo) form the most 
graceful, the most likable members of the submarine bat- 
talions. It is exceptional not to meet some of them during a 
hunting expedition. They may be found against all types of 
background, showing, perhaps, a predilection for sandy 
creeks, the mouths of small rivers where the water is briny 
and never at rest, and ports. They have acquired a bad repu- 
tation because of their unpleasant habits in that last habitat. 
Forming agitated cohorts around the mouths of sewers, they 
vie with each other in their greedy snapping and jostling, to 
make sure that none of the repulsive magma that issues forth 
is lost. 

All mullet, however, are not coprophagic, and one may see 
their well-ordered squadrons cruising, it may be, above fields 
of sea wrack dotted here and there with isolated rocks, or 
perhaps skirting the edges of bluffs, from the top of which 
one looks straight down into a rather awe-inspiring expanse 
of water, whose diffuse blue color seems to convey a sense of 
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the infinite, of the vast, empty reaches of interstellar space. 

Those mullet that have issued from the same spawning 
ground remain grouped together as a family for a long time, 
growing up side by side. It is an amusing spectacle to pass by, 
as one leaves the shore, some fifty slender silvery spindles, as 
long as the hand and not in the least timid. As one goes 
farther out, one encounters the squadrons of the previous 
generations, mullet ten, twenty, or thirty inches long. In the 
end, one has a vague impression of being a school inspector 
reviewing in the grounds of a large establishment the various 
different classeskindergarten classes, primary grades, junior 
high, and high school, arranged in ascending order according 
to their place in the scholastic hierarchy. 

Mullet, however, may also be met with by twos or threes. 
In such cases they are nearly always fairly near the surface 
over deep water, and they swim rapidly, appearing much 
more distrustful than usual. I have concluded that, in these 
instances, two or three males are pursuing a female and 
endeavoring to make their personal seductiveness triumph 
with a view to achieving their amorous object, that mutual 
pressure of abdomens that represents for them the voluptu- 
ous joust. At such a time it is useless to try and follow them 
by swimming; if from a distance it is apparent that their 
path from which they deviate very little will bring them 
within your reach, do not move, just wait You may have a 
chance, by shooting well ahead of them, of transfixing one o 
them. Otherwise, let them go: you will only exhaust yourself 
in a fruitless pursuit, up to the moment when the increas- 
ingly nervous undulation of their tails accelerates their prog- 
ress until it becomes a panicky flight. 

You may have the opportunity of witnessing their real 
matings on a warm day toward the end of August, when the 
waters are cooler than the furnacelike air of the pine groves 
where the chirping of the cicadas seems almost deafening. 
You will not easily forget the strange ballet of the amorous 
mullet. From far away, your attention had already been 
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drawn to something out of the ordinary a burst of sparkling 
flashes, an unwanted shimmer in the depths, looking rather 
like a whirling mass of foam. Approaching prudently, you see 
to your astonishment a number of twisted columns, jigging 
about In front of you as if they were so many living pillars 
supporting the surface of the water. You stop, dumbfounded. 
Those living columns are made up of hundreds of mullet 
ceaselesssly rising and falling in the water as they go through 
the ritual geometrical figures of a veritable ballet. Their 
ascents and dives are of a vaguely spiral form and turn 
around a virtual axis. Never stopping for a moment, they spin 
around and undulate, spasmodically opening and closing 
their thick-lipped mouths in a continual chewing movement. 
Then, after a few moments, you realize that enclosed in the 
living spiral of males aflame with desire are the females, who, 
calmer than their suitors, form the axis, the pivot of the 
swirl. The mullets, in this dance of love, may be seeking to 
arouse the admiration of their female companions by show- 
ing oft their graceful agility, but their chief thought is for 
those bulging flanks whose intoxicating contact they seek; 
they contemplate the richness of the oviducts packed tightly 
with the minute eggs, and look forward eagerly to the mo- 
ment, which is almost upon them, when they can fulfill their 
biological destiny by fertilizing the ova that the female is 
shortly to discharge into the surrounding water, thus ensur- 
ing the continuity of the species. They compete with each 
other for the blissful privilege of pressing their belly against 
the full belly of a female, each striving to outdo its neighbor 
in those rapprochements. 

Filled with wonder, spellbound by the astounding spec- 
tacle, you gradually become conscious once more of your role 
of hunter. You approach closer, excited by this mass of tempt- 
ing prey. Almost indifferent to your presence, the amorous 
host of males approach and recede from their inamoratas in 
front of yours eyes without any apparent emotion of fear or 
any desire for flight. Not until you get quite close do the 
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frenzied lovers cease their dance, and even then they do not 
take fright. The column glides through the water, constantly 
weaving and twisting, as if it were a piece of property scenery 
drawn by invisible stagehands. Then comes the moment 
when you obey your murderous instincts. You forget the 
strange beauty of a secret of nature that you, a rare initiate 
among your millions of fellow men, have just had revealed 
to you. You shoot into the silvery mass, incapable of aiming, 
of selecting a victim, overcome by the temptation afforded 
by this incessantly moving mass of prey. You tell yourself 
that, after all, amid such a plethora of fishy bodies, your 
arrow is sure to find a target. Well ... no ... Twice, ten 
times, you hurl deathor you think you do into those tiers 
of couples rendered insensible of danger by love's magic spell. 
Ten times your weapon will encounter only nothingness, as 
if, aided by the superior benevolence of a submarine Cybele, 
the Master of the depths wished to demonstrate to you that, 
under the waters as upon earth, love is stronger than death. 
It is not every day that one is lucky enough to become the 
awe-struck spectator of a zoological secret. If the mullet do 
not disclose to you the complex evolutions of their love- 
making, however, they will still surprise you and will interest 
you by their everyday behavior. Watch them eating. They 
are, as you may have read in books, animals with dilated 
and highly developed intestines and without teeth- at least 
teeth of any size with a soft body prolonged by a stocky 
head with flattened forehead, without visible lateral line but 
covered with large regular scales, decreasing symmetrically 
from above downward. Follow them now in their constant 
quest for food. They appear to play, lightly, skillfully, whim- 
sically. They flee helter-skelter, challenging each other on the 
run, overtaking one another. This anchor stuck in a rock and 
torn from some clumsily managed boat they make it, for a 
while, the centerpiece of their games, and proceed to indulge 
in a very well organized form of hide-and-seek, gliding from 
the stock along the arms, turning when they reach the flukes, 
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skillfully avoiding the barbs, the more daring ones passing 
through the rusty, coral-encrusted ring like trained poodles 
jumping through paper hoops. From time to time there is 
a brief flash; they rub their belly against the tarnished metal, 
this belly in which is taking place the slow and painstaking 
process of digestion of a copious repast. All is grist to the 
mill where these aquatic gluttons are concerned. Their bel- 
lies inclined obliquely to the muddy bottom, they search 
every square inch greedily, often burying their obtuse heads 
in the mud (and this is the moment for which the hunter was 
waiting in order to let fly his arrow!). Here they can find 
abundant food: small mollusks half-hidden, sea lice, mussels, 
marine worms, decomposing organic matter. From the in- 
gested conglomeration, the mullet retains only that which 
will nourish it, that is to say the living part composed of 
proteins, fats, and carbohydrates. The mineral matter, sand, 
mud, and so on, is eliminated in a preliminary selection, and, 
like two flicks of a powder puff, is expelled through the gills; 
if you follow the fish, you will be able to see the last elimina- 
tions issuing like fleecy flakes, in a series of short spurts, from 
the anus. The mullet then appears to harbor a tiny internal 
combustion engine, which propels it, and whose activity can 
be recognized by the revealing clouds coming from the ex- 
haust pipe. 

One can hardly fail to be reminded (man constantly seems 
to require these terrestrial comparisons, though there is here 
no known animal to which we can really refer) of those rumi- 
nants that every day consume enormous quantities of grass, 
of which only a fraction is of any nutritive value. To con- 
tinue this comparison with grazing and browsing animals 
such as sheep, oxen, and rabbits, some authors take it upon 
themselves to say that mullet live in groups, their behavior 
being of an instinctively gregarious kind, and, like all animals 
that find their food everywhere, without any effort, and are at 
all times assured of an ample supply, they do not fight among 
themselves. Quite different are those carnivorous animals that 
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subsist upon a prey that is often cunning, scarce, and difficult 
to capture; they, on the contrary, live and hunt in solitary 
fashion, frequently attacking each other in the ferocious 
struggle for existence. These authors then point to sheep as 
opposed to foxes, bears as opposed to rabbits. Really? Do they 
forget the squadrons of derbios, the armadas of tuna, the 
bands of horse mackerel, and the hordes of sharks? Carnivo- 
rous species, if any are! 

Then it is often said that mullet are traveling fish, circu- 
lating widely in free water. That is on the whole true. I am, 
however, not alone in having run across those particularly 
cunning mullet, which are found more especially in Corsica, 
that, in a way contrary to the usual habits of the species, hide 
themselves in some cave at the slightest sign of danger, and 
then slip unhurriedly from one hole to the other, to the great 
chagrin of the pursuer. 

Would we find all this in an ordinary treatise on ichthy- 
ology? Certainly not; Professor Bertin was quite right; we 
must go to the actual sources themselves in order to acquire 
knowledge of this kind living sources, rich in information, 
fertile in wonders, and exciting to the human mind, which 
forever seeks to understand, to discover, to know. By the way, 
what would these zoological treatises have to say on the sub- 
ject of mullets? "Mullet: order Percomorphi, suborder Mugi- 
loidea, family Mugilidae; a species of fish which is easily 
recognizable by its two dorsal fins, the first of which pos- 
sesses four thorny spines, while the second is provided with 
soft spines. Flanks devoid of silvery stripes; essentially coastal, 
they live in bands; spawning takes place from July to Octo- 
ber. Difficult to catch because they tend to leap out of the 
nets. The flat-headed mullet has a vertical eyelid, the golden 
mullet a light stain on each gill flap, while the thick-lipped 
mullet is devoid of both lids and stains.' 1 

Ah, is not one tempted to don the flippers and adjust the 
mask? Does not the exploration of the seas attract you more 
than the perusal of dusty books in gloomy museum libraries? 
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Of course nomenclature, classification, and characteristics are 
of undoubted interest, but who alone gains those revealing 
glimpses of the true life and habits of a species, who is able 
to intercept those glances, cunning or it may be baleful or 
icy, from the creatures' living eyes, who if not the under- 
water hunters and explorers? 

B. The Habits of the Moray 

The previous paragraphs could have been written, after a few 
seasons of hunting, by any underwater hunter of a reflective, 
inquiring, and objective turn of mind. That is the point I 
want to drive home; by collecting and comparing photo- 
graphs and observations made on the spot by divers whose 
experience and education is recognized as being adequate, 
the ichthyological expert could write a fascinating book en- 
titled Habits of Marine Animals in a State of Freedom, and 
no longer need we put up with the dry, cursory, and mo- 
notonous descriptions dealing almost exclusively with mor- 
phology. Underwater observation, in fact, is able to throw 
fresh light even upon the latter. Take, for instance, the 
derbio. Never before has it been described as possessing a 
dark curved stripe, extending from head to tail, a kind of 
lateral line. In the water this dark mark is clearly visible, but 
when the fish is removed from it, the mark quickly fades. By 
the time the specimen reaches the expert's hands, this stripe 
has definitely disappeared. Ichthyologists never mentioned it. 
In the same way, a classical feature, generally regarded by 
experts as one of the main criteria by which one can distin- 
guish between two different varieties of grouper that are met 
with in French waters, is the presence in Polyprion (the stone 
bass) of spines and of a spiny opercular crest, which is absent 
in. Epinephelus gigas. The underwater hunters, who not un- 
naturally tend to direct their efforts toward catching the 
biggest fishes, declared they had never seen, anything of the 
kind. Examination of their catches confirmed their assertions. 
It was then discovered that the anatomical characteristic in 
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question was undoubtedly present on the opercula o the 
younger stone bass, but that with age, as a consequence of 
friction against rocks and the thickening of the cartilages, this 
crest was gradually worn down, so that in the older specimens 
of this genus, just as in all members of the genus Epinephe- 
lus, the opercula were absolutely smooth. Here, then, we have 
an example where an amendment has to made to accepted 
morpholocical classification one that is admittedly not of 
any great importance, but that nevertheless must be chalked 
up to the credit of the underwater hunters. 

Here is another example. Everyone is familiar with the 
lobster, a decapodal crustacean of delicious taste, but apart 
from the coastal dwellers of the Mediterranean, the majority 
of people do not know what "squat lobsters" are. These are 
crustaceans of a very similar kind, smaller and of a darker 
red, which the connoisseurs declare to be superior to lobsters. 
la Provence, squat lobsters (Scyllarus arctus, Scyllarus latus) 
are invariably called "sea cicadas." They are not often found 
on the market, partly because their small size makes them 
less salable, and also because the general public regards them 
as being inferior to lobsters, but chiefly because the fishermen 
are apt to keep them for their own consumption! I you con- 
sult the textbooks for information about them, you will learn 
that these squat lobsters are "rather rare," and that, "in con- 
tradistinction to lobsters, they live on muddy bottoms in 
which they bury themselves." Now, as all underwater hunters 
will tell you, these sea cicadas are not in the least uncommon, 
a fact that the hunters demonstrate by bringing them back 
from their expeditions in considerably greater numbers than 
they do lobsters. And where do they catch them? In the cran- 
nies and holes of the rocks, of course, just like their lobster 
relatives, and never buried in the sand as our book learning 
would lead us to suppose! What is the explanation? Well, all 
that has happened is this: when, as a part of underwater 
masonry work, dredgings have been carried out, sea cicadas 
have sometimes been found in the sand, buried in the mud 
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of the bottom. . . . Authors of textbooks have thereupon con- 
cluded that they normally live In this environment. Now we 
know that crustaceans undergo a long succession of metamor- 
phoses, and in actual fact it is only the very young indi- 
viduals, representing the earlier stages of development of the 
species, that are found in the situation referred to, i.e. the 
mud. The adult squat lobsters, which the underwater hunters 
generally bring back, make their homes exclusively in rocks, 
where, in June in particular, they may be found and cap- 
tured, given reasonable luck and eyesight. 

However, to get on to our morays, we have had to modify 
rather considerably our views concerning their habits since 
we have been able to watch them actually in the water, and 
to observe these hitherto rather mysterious beings when they 
were safely ensconced in their lairs. The somewhat fearsome 
aspect of the moray, its carefully calculated voracity, its char- 
acteristic behavior as it lies in its hole, its head darting forth 
ferociously, jaws wickedly agape, are responsible for a great 
many erroneous ideas about that fish, whereby it is depicted 
as a dangerously aggressive beast. We do not think it is even 
worth discussing and refuting those fantastic stories about 
Roman slaves being cast into ponds in order to serve as food 
for cohorts of hungry morays specially preserved for this pur- 
pose by sadistic satraps; or those tales that tell of these same 
creatures, adorned with jewels, which would come when their 
names were called and were worshiped on terms of equality 
with the gods, being buried with all due pomp and solemnity 
on their decease. Pierre de Latil, 8 with admirable objectivity, 
has proceeded in no uncertain manner to debunk these and 
other pseudohistorical yarns. 

Let us content ourselves with describing, as we have so 
often witnessed it, the fascinating behavior of the moray. We 
are talking here of the moray of our Mediterranean coasts, 
that which is encountered ninety-nine times out of a hundred 



8 L'Homme chez les poissons, Stock, 1951, one volume. 
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(Muroena helena, the brown ocellated or spotted moray y 
found near beaches composed of yellowish sand). The second 
species referred to in the books, Muroena unicolor, of a uni- 
form purplish gray and without spots, is very rarely met with 
in the surface water off the coasts of France, and for my part 
I have never seen a specimen of it. 

It is very probable that some time during the course of 
your submarine peregrinations you will be surprised and 
rather frightened by the sudden and alarming appearance of 
a real serpent gliding through the depths. On a rocky bot- 
tom, taking advantage of the shallowest of depressions, the 
smallest of trenches, in order to render as inconspicuous as 
possible its characteristic reptilian movements, a brown 
spindle-shaped form hastens along, undulating as it goes. 
An apodal fish (without ventral fins), to your untutored 
eye there is nothing of the fish about it, and everything of 
the ophidian. You will, however, never again be in any doubt 
as to its identity once you have learned it from this first 
encounter. The color and disposition of the light yellow spots 
are characteristic. The dorsal and anal fins unite, sheathing 
the tapering spindlelike body with a delicate vibrating fringe. 
The greater part of the undulating body remains close to the 
sea bed, while the head rears up, darting hither and thither 
like that of a blindworm or a viper. The animal knows how 
vulnerable is its soft, defenseless body while in the open 
water. It hastens toward the first hole, slips quickly into it, 
and the next moment, emboldened by safety, it pops its head 
out to watch the approach of whatever object had scared it, 
seeming no longer to have any fear, enclosed as it is ia its 
stone loggia. 

It is often stated in the books that the moray is not met 
with in open water, but this is not strictly correct, as I have 
myself often captured one while it was swimming freely. It 
is certain, however, that one much more frequently discovers 
the animal impregnably ensconced in its lair, literally "stick- 
ing its head out of the window" and lolling it to and fro 
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in a rather odd fashion. The head is set upon a powerful 
neck, which expands and contracts rhythmically, this being 
the creature's mode of breathing ("cervical respiration"). 
This head appears to be split as if with a sword by a thin, 
lipless mouth, which opens widely like that of a snarling 
feline, revealing formidable fangs bent backward in order the 
better to retain whatever they seize. This mouth, which opens 
and closes just as does that of an angry cat no mewing issues 
from the moray's throat, however produces the most dis- 
agreeable impression. Add to that the gimletlike stare of an 
eye like a shoe button which follows your every movement, 
a sort of bristling of the skin of the supraorbital region, which 
is surmounted by a tuft, and a wrinkled, sagging appear- 
ance of the skin of the face and head, vividly calling to mind 
the wicked hunchbacked fairy of our childhood days, and you 
will understand why these animals have a widespread repu- 
tation, based on their anatomical characteristics and their 
appearance, for viciousness and aggressiveness. 

It is also said that the bite of the moray is venomous, and 
that its fangs are provided with poison glands near their 
bases. Now, modern experts have found no trace of these 
alleged poison glands, and Kopaczewki is definite on the 
point. It is, however, a fact that the wounds inflicted by the 
moray rapidly tend to become infected and are slow to heal. 
The same, though, can be said of all cutaneous injuries due 
to carnivorous beasts (those of the sea are no exception), be- 
cause the ptomaines (alkaloids resulting from the putrefac- 
tion of proteins) that are present in the mouth and are 
derived from the organic residue of food are quite sufficient 
to poison the wounds. 

Despite their impressive and formidable dental equipment, 
morays do not attack. We must therefore resign ourselves 
to declining to accept the highly colored and dramatic leg- 
ends concerning their ancient practice of devouring living 
slaves or of twining themselves around unfortunate divers. 
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Morays do not attack which does not mean that they do not, 
in some circumstances, bite. 

If, refusing to be awed by its aggressive aspect, one dives 
straight toward the head of a watchful moray, it is rare to see 
it withdraw precipitously into its hole. Even if the creature 
has been frightened, all that is necessary is for one to wait 
for a few moments, when, confident of the impregnability of 
its hide-out, it will reappear. It is obviously excited; its neck 
pulsates more quickly and strongly, while its head, protrud- 
ing from its front door, as it were, sways from side to side, its 
mouth alternately opening and closing, revealing glimpses 
of those vicious-looking teeth. This is the moment the hunter 
chooses to shoot, point blank, behind the head, in the region 
of the neck. The harpoon, thus spanning the hole, makes 
it impossible for the moray to retreat into its shelter. All that 
remains is for the hunter to drag the prey out of its hole 
a feat that often requires a great deal of strength. Another 
method of effecting the coup de grace consists of aiming 
through the open mouth at the back of the throat, thus lit- 
erally "threading" the fish on the arrow, from head to tail, 
rather like a joint of meat on a spit! 

In what circumstances may one be bitten by the moray? 
Firstly, and quite by chance, when an underwater hunter ex- 
ploring a neighborhood cave seizes some protuberance or 
handhold with his left hand, in order to steady himself so 
that he can the more easily insert his head or his gun into 
some opening or cranny. If he is unaware of the presence 
of the "serpent" lying in wait, the latter, seeing this whitish 
hand moving about so close to its lair, may either think that 
it is a tempting prey the tentacle of an octopus for instance, 
or a squid or on the other hand it may take fright, fearing 
itself to be in danger. How many divers, though, have in 
actual fact met with such a misadventure? A scant two or 
three perhaps, out of the innumerable enthusiastic explorers 
of the sea bed. Sometimes and this is a rather more frequent 
happening after the moray has been harpooned in the ac- 
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cepted classical manner, behind the head, the hunter, some- 
what flustered and holding at arm's length the arrow on 
which the furious animal twists and turns, is obliged for one 
reason or another to return to the shore, which is perhaps 
some distance away. Wielding his cumbersome trophy, swirl- 
ing incessantly around the shaft in an ineffectual attempt 
to break free, the captor, in a moment of inattention, may 
allow the beast to slip down the harpoon toward his hand. 
A sudden convulsive snap from those generously equipped 
jaws, and a painful bite is the result. One of our friends once 
showed me a rather remarkable scar near his right elbow, a 
scar that he owed to a nine-pound Corsican rnoray. 

One last eventuality is that, having been thrown into the 
bottom of the boat, and the harpoon having been extracted, 
the beast, out of its element, and becoming completely furi- 
ous and panic-stricken, may be spurred on to quite unpre- 
dictable convulsive movements, savagely biting everything 
which comes within range of its jaws. It has been known to 
tear up flippers left lying on the floor of the boat, twist a 
harpoon, break the boat's gunwale, or even, becoming alto- 
gether too much of a menace for comfort, to compel the 
occupants of the dinghy to take to the water and seek refuge 
in flight. All such actions on the part of the moray, however, 
are in the nature of defense reflexes, and represent the un- 
controlled, abnormal behavior of an animal torn from its 
natural element an ordinary pike from one of our rivers, 
when thrown onto the grass of the bank, is viewed with equal 
distrust by the experienced angler, and is capable of causing 
with its small sharp teeth as much havoc as our brown ser- 
pentine friend with the light saffron spots. 

If my experience can be considered to carry any weight, I 
may remark that I have never, during my long sessions as an 
observer, witnessed any instance of hunting morays attacking 
a living prey of any considerable size. I have seen them snap- 
ping at minute demoiselles and unwary alevins, but I believe 
that actually the real booty of the moray, that which is dear- 
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est to its heart, consists of the corpses o its fellow denizens 
of the waters. The moray is the gravedigger, the scavenger of 
the seas, a fact that I am sure will be borne out by those 
hunters who have been compelled to leave for a time, per- 
haps overnight, the moribund or lifeless body of a grouper 
that they had captured in or near to its hole, and that they 
were unable to extract at the time. Returning next day, the 
chances are that precious little has remained of their splendid 
trophy; the morays have forestalled them! 

I have recounted elsewhere the rather comical adventure 
that befell my friends Alec Kyriazi and Philippe Thuilot in 
the Red Sea. The underwater hunters of that region, because 
they have no desire to tow behind them on their fish-hangers 
a collection of fish which would represent too tempting a bait 
for the sharks and the barracudas frequenting those waters, 
are in the habit of secreting their catches in the crannies of the 
coral banks, recovering them when they have finished hunt- 
ing for the day. Philippe and Alec, half out of the water, were 
resting on a sort of pedestal of coral before returning to the 
shore. "How many have you got?" "Six." "Let me see/' A 
thorough search reveals only five fishes. "Ah well, I suppose 
I must have lost the sixth," says the hunter philosophically. 
The two friends, naturally enough, begin to yarn about the 
vicissitudes of their hunting experiences. Five minutes pass. 
At last they decide to pull themselves up onto the reef in 
order to collect their fishes together. What is this? Only four 
now! Surprised, they persevere until suddenly, pointing, one 
of them cries, "There . . . there . . look!" The head of an 
enormous moray, practically at their feet, was sticking out of 
its shelter; with the greatest unconcern in the world, the 
thrifty housewife was busy seizing and laying aside tins pro- 
verbial manna. Between them, they managed to render it 
hors de combat and bring it back to the shore; it measured no 
less than seven feet! In this case too the prey was dead when 
taken by the moray. The creature was storing them, as a re- 
serve, in some hidden recess in its lair, doubtless licking its 
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lips in anticipation of the number of delicious, tasty repasts 
it would be able to treat itself to. 

Such necrophagic habits are in contrast with those o the 
dentex or the derbio, in whose stomachs the underwater 
hunter may be surprised to find a whole blacktail, a good- 
sized bogue, or a small sea bream. These carnivores confine 
their attention to the living, and they swallow their prey 
whole without further ado. Sometimes, in fact, one may see a 
fish of a particularly voracious kind, one which is young and 
comparatively small, grotesquely deformed by the presence 
in its stomach of some enormous prey which its predatory 
instinct has led it to swallow. Indeed, one is occasionally 
amazed to come across an exceedingly odd-looking monster 
in the shape of a fish, very embarrassed by its predicament, 
with apparently a tail at each end. This anomalous creature 
nearly always it is a sea perch has swallowed, as far as the 
middle of its body, another fish well-nigh as big as itself, of 
which the tail half now forms a strange kind of prolapse, pro- 
jecting from the mouth of the unhappy diner. We are bound 
to say that as far as morays are concerned, we have never 
caught or even seen one in a like predicament, or even one 
that had ingested a victim of inappropriately large size. The 
serpentlike contours of the moray's body would certainly 
have shown a revealing swelling had such been the case, with- 
out us having recourse to the lancet! Who has not seen, on 
land, a snake or a blindworm, motionless with ecstasy, mon- 
strously deformed by the body of a rabbit that it has en- 
gulfed? The moray, though it has the shape of a snake, pos- 
sesses neither the audacity nor the courage of that reptile. 

C. The Habits of the Conger 

Though there is very little disagreement nowadays concern- 
ing the behavior of the moray and its misleading appear- 
ance of aggressiveness, the same cannot be said about the 
conger. In the Mediterranean the only species generally met 
with is Conger conger or the black conger, whose habits and 
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habitat are very similar to those of the moray, except that it 
tends to seek larger and darker holes in which to hide and 
does not emulate the rnoray by "putting its head out of the 
window." In practice, by dint of searching the concrete blocks 
that reinforce dikes and the breakwaters of ports on the sea- 
ward side, congers may often be found, sleepily taking their 
ease after the evening repast. Since it is chiefly caught with 
the bow net lowered by the fisherman at dusk and hauled up 
at first light, while it is much less common for the moray to 
be taken in this way, and since also it is often captured 
around nightfall as by the feeble glimmer of an oil lamp (the 
lamparo of the Provencals) the fisherman with his three- 
pronged harpoon dexterously impales the elusive creature, 
the conger has often been stated to be exclusively nocturnal 
in habits. That remains to be seen. We have harpooned one 
in open water and in broad daylight an exceptional event, 
it is true. One often hears it said, moreover, that the conger 
is incapable of attacking man for the very good reason that 
it has no teeth. This is a completely false allegation; as car- 
nivorous as the moray, the conger, though it lacks the re- 
doubtable fangs that are so prominent a feature of that fish, 
nevertheless has at its disposal a set o small teeth that are 
quite capable of giving a good account of themselves. 

I have, however, met with only a few cases of bites inflicted 
upon divers by congers in French waters. An extremely pro- 
ficient hunter from Sainte-Maxime, Fernand Coquillat by 
name, seems to have been singularly unfortunate in his deal- 
ings with these animals. The first incident occurred in 1948, 
off the Dattier, near Cavalaire; he had just harpooned a 
beautiful corb and was in the act of removing it from the 
harpoon when suddenly a conger darted out of its hole and 
planted its fangs in the belly of the transfixed fish, biting off 
at the same time a sizable portion of the right index finger 
of the hunter, who was holding his prey tightly. Another 
time, while exploring a wreck off Cape Camarat, our diver 
had descended, wearing his Cousteau apparatus, to the re- 
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mains of the ship, a steamer that had sunk in 1909 and was 
lying in twenty-five to thirty feet. Visibility was not partic- 
ularly good, when he felt himself cruelly bitten, first on the 
right hand and immediately afterward on the left; he then 
perceived a very large conger, its savage deed accomplished, 
making good its escape; it would probably have tipped the 
scales at forty-five pounds. 

It is a different story in tropical waters; here the congers 
are by no means inoffensive beasts, the green conger and the 
tobacco conger being prone to sudden unprovoked attacks, a 
fact that is supported by incontestable proof produced by 
more than one underwater hunter. A hunter in Guadeloupe 
who had just harpooned a holocentrum saw a green conger 
pounce on the fish; wishing to retain his prize, the diver en- 
deavored to repel the marauder. The conger then turned its 
aggressiveness against the hunter, who, hotly pursued by the 
vicious brute, was forced to return to the surface and to re- 
gain his boat. When next day it was caught, using a special 
hook, the conger was found to weigh no less than fifty-five 
pounds. Another local diver was fishing for tropical mollusks, 
turbo (Turbo crenulatus) on the coast of Pont-Pierre, also in 
Guadeloupe. He had just dived and was about to detach the 
mollusk from its bed when a large tobacco conger shot out 
at full speed from its lurking place, bit the man viciously on 
the right index finger, and made off as rapidly as it had come. 
Fortunately, its small size and weight prevented it from do- 
ing very much damage. 4 

One could continue almost indefinitely to describe the in- 
teresting and hitherto unsuspected characteristics and those 
previously unknown details relating to the denizens of the 
seas, details that owe their discovery to the underwater hunt- 
ers. Here is a subject for a fascinating book on ethology, a 



4 These incidents, which occurred to Messrs. Laurent Carbon and Urban 
Gaydu at Terre-de-Haut and to M. Florentin Ruard at Antigua (Guadeloupe), 
were reported by Ary Ebrouin in the November, 19525, number of P$che 
inddpendante. 
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book that is waiting to be written all the more so inasmuch 
as when I made inquiries in scientific circles as to which 
zoologists had become interested in the subject of the life of 
sea fishes as observed in their own element under natural 
conditions, I was unable to obtain a single name from any- 
one! There are biologists galore, there are malacologists, 
physicists, chemists, geophysicists, geographers, archaeologists, 
and underwater phytosociologists, but there are no zoologists 
studying the life and habits of sea fishes as they go about their 
normal, natural pursuits in the very bosom of the sea. How- 
ever much we would like to bring to a close a chapter that 
threatens to prolong itself indefinitely, we cannot pass over 
in silence the contributions that underwater hunting has 
made and will continue to make to our knowledge concern- 
ing fishes such as sharks and groupers, about which little is 
really known, as well as to the study of octopuses, those 
strangely disquieting cephalopods. 

D. The Habits of the Grouper 

Until quite recently our knowledge concerning the grouper 5 
was very scanty, and could be summarized thus: "A rock fish 
belonging to the family of the serranids, sometimes attaining 
the length of six feet and the weight of 150 pounds, sedentary 
and carnivorous, caught only exceptionally with a net. Ap- 
proaches close to the coast to spawn. Capable of surviving to 
a great age (the grouper in the aquarium at Monaco lived 
from 1911 to 1942 and weighed 55 pounds." 

The underwater hunters have shown that groupers may 
sometimes be found as close to the surface as ten or twelve 
feet, particularly off the southern coast of Spain and along 
that of North Africa; that there exist specimens that are al- 
most white in color, and that such specimens are usually very 
old ones; that the cave in which the grouper lives always has 



5 This fish, rare in English waters, is sometimes referred to by its French 
name of "me"rou." It, or a closely allied fish, is fairly common in the Western 
Atlantic and is known by the name of ''grouper." 
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several exits, the entrance being free from obstructing sea- 
weeds or algae, while the interior of the cave widens into a 
true funnel. Here the animal dwells in solitary state, and the 
number of individuals living under the same rock does not 
exceed two or three. The grouper never strays far from its 
cave, and when it does leave it, it rests with its tail on the 
bottom, leaning on its pelvic fins, its head directed upward 
towards the surface, rather resembling a dog begging. Using 
its colors to the maximum advantage, it has brought the art 
of mimicry to a high pitch of perfection, and will often suc- 
ceed by this means in escaping the eye of the most watchful 
hunter. It snaps at those imprudent fishes that pass within its 
reach rather than seizing them deliberately. Its enormous 
mouth, the dimensions of which amount to nearly a third of 
its body, provides it with a pharyngeal suction apparatus of 
impressive size and power. 

To conclude this brief summary of the contributions made 
by underwater hunters to our knowledge of the natural his- 
tory and habits of this fish, we may refer to the puzzlement 
felt by the earlier hunters who noticed that small groupers 
(three to four pounds) were never seen in French waters. 
Numerous plateaus and rocky banks were discovered (the 
Moutte bank at Saint-Tropez, the shallow of Issanibres, the 
Agriates and the Alcajola banks, both in Corsica) where 
groupers abounded, but they were all adults, of from twelve 
to seventy pounds. When the hunters widened their sphere 
of action, going farther afield and beginning to explore coasts 
other than the French one, they were surprised to find a 
number of fairly shallow zones, between ten and twenty feet 
deep, that were literally swarming with small groupersreal 
babies whose weight ranged from two and a half ounces to 
two pounds. They were as numerous, as ubiquitous as the 
rainbow wrasses and the rouquiers of French waters. A num- 
ber of such locations were eventually found, mainly situated 
around the coasts of the isles of Ibiza (Balearics) and Corfu 
(Greece), and the hypothesis outlined below sprang up 
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which, however, Is not at present supported by any really 
convincing scientific evidence, and which has the sole merit 
of being a fascinating one. Might there not exist for both the 
western and the eastern Mediterranean, a common central 
spawning ground, to which the groupers came in order to lay 
their eggs, and where the young ones lived and grew until 
they reached adult status (three, four, or five pounds)? They 
would then disperse along the coasts of France, Italy, North 
Africa, and Spain, eventually settling down, according to 
weight, in more or less deep water. Without going as far as 
postulating true migrations in both directions, the fact never- 
theless remains that there are plateaus inhabited by small 
groupers without a single big one being present, while else- 
where we find those coastal rocky sites mentioned above 
where only large ones are encountered. One day, perhaps, we 
shall learn the true explanation. 

Lastly, underwater hunting has revealed the reason for 
something that has long puzzled anglersthe virtual impossi- 
bility of landing this particular game with a rod and the 
explanation of many a broken line and ruined temper. The 
underwater hunter's observations have thrown considerable 
light on the behavior of this fish, which has acquired an un- 
enviable reputation among fishermen, being considered as 
"diabolical/* The detailed reports of daring hunters, which 
one can read in various books devoted to underwater hunt- 
ing, relate at length the exhausting struggles that divers have 
had at the bottom of the water with the grouper, and they 
describe the tricks of this giant serranid and its tenacity, 
which makes the animal prefer to die in its hole rather than 
let itself be hauled ignominiously to the surface. 

For fuller details, we refer the interested reader to the vari- 
ous publications that we have indicated, but on the whole 
it may be said that, as soon as it is attacked, the grouper liter- 
ally dashes into its cavern (if it has been hooked by an angler 
above the surface, it is not difficult to see how the line is very 
likely to be severed by the sharp edge of the rocky aperture). 
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and once there, with all its spiny projections pressing against 
the roof and the floor, nothing will dislodge it. Above, the 
powerful spines of its dorsal fins, those of its pelvic fins under- 
neath, and round the sides of its massive muzzle the cartilagi- 
nous rings that form part of the fish's frameworkall this 
potent defensive armament is deployed by the stricken fish as 
it struggles desperately to avoid being extricated and cap- 
turedand neither is itl Additional wounds are inflicted by 
other divers; several more arrows lodge deeply in its body, 
perhaps a knife stab lays open its tortured flesh; the rope at- 
tached to the original harpoon may be harnessed to the stern 
of a motorboat; and sometimes, we regret to say, such cad- 
dish and unsportsmanlike tricks as poisoning the water in the 
death cell with calcium carbide, methylene blue, and other 
chemicals toxic to the fish, are resorted to. All to no avail; 
nothing short of death will break down this stubborn, un- 
yielding, if instinctive resistance. In the end it is man who is 
forced to admit defeat. Exhausted by twenty or thirty dives, 
torn and battered by the sharp rocks, covered with the blood 
and mucus of his dying opponent, the hunter retires and 
composes himself to wait until death brings this gallant but 
hopeless resistance to a merciful end. In the face of such 
fanatical determination, such well-nigh unbelievable cour- 
age and tenacity, which command the admiration and respect 
of all hunters, it is small wonder that the grouper is regarded 
as the richest of prizes, the noblest game of them all. 

E. The Habits of the Octopus 

The underwater hunters have made a clean sweep of most of 
the prevalent notions concerning the nature and habits of 
octopuses, at least as far as those which inhabit our regions 
are concerned. In the first place, helmeted divers have re- 
ported that beyond a certain depth (below 150 feet) there is 
no longer any sign of these creatures. So much for the tradi- 
tional tales about the monstrous tentacled horrors that were 
supposed to haunt the great depths. 
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Secondly, It has been established that the risk of being at- 
tacked by a small octopus is precisely nil, no diver ever hav- 
ing had to complain of aggressiveness on the part of such 
beasts. Some go as far as to consider octopuses as gentle, in- 
offensive animals, amiable, and even capable of being tamed. 
The reader will doubtless recall the scene in Captain Cous- 
teau's film Autour d'un redf, in which Lieutenant Com- 
mander Taillez (or Dumas) catches an octopus that is trying 
to flee and makes it release its "ink" several times, after which 
the creature, now exhausted, allows him to caress it and to 
play with it, to toss it around in the water as if it were a toy 
balloon. Our friend Griiss, of the Club Alpin Sous-marin of 
Cannes, had even tamed a small octopus, which used to beg 
for its customary petting, if by chance he happened to forget 
this rite when he passed it. Very occasionally, however, one 
hears reports of accidents such as that which befell a hel- 
meted diver attached to a Corsican Public Works depart- 
ment; he signaled to be pulled up urgently, and it was found 
that an octopus weighing fifty-five pounds had wrapped itself 
around his thorax, breaking several of the man's ribs. 6 

In tropical waters it is quite a different matter. In these 
latitudes, as I am aware from personal experience, anything 
is possible in the bosom of the sea. After one has explored 
the depths of the Red Sea and marveled at the size of its 
inhabitants, after one has had sawfishes fully fifteen feet long 
brush past one literally within a few inches and has seen the 
powerful full-breasted sea cows, the two-liundred-poimd sea 
perches freely disporting themselves in the open sea, and the 
sharks plentiful as starlings in Trafalgar Square after all 
this, it is brought home to one that what is undoubtedly true 
of our waters may no longer hold for those regions. The 
octopuses that dwell in tropical waters may reach an immense 
size, and they live at great depths. 



<* Another specimen of the same weight (fifty-five pounds) was captured by a 
helxnetcd diver in a wreck near Villcfranche-sur-Mer and taken to the director 
of the Station of Marine Biology, M, Tregouboff. 
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We are not, of course, referring now to those that were 
featured in Williamson's film Twenty Thousand Leagues 
Under the Sea. We shall describe later on how this former 
journalist had conceived the idea of constructing a water- 
tight cabin, from inside which, at depths of thirty and sixty 
feet, the camera could shoot the underwater scene without. 
The first sequences obtained in this way date from 1913. 
Jules Verne's novel was adapted and shot in 1920. At one 
point a diver clad in helmet and suit was seized, to the in- 
tense horror of the spectators, by the enormous tentacles of a 
hideous octopus calculated to strike a chill of terror into the 
hearts of the most skeptical. In fact, however, the nightmarish 
cephalopod was a most ingeniously constructed rubber ani- 
mal controlled by a man who, enclosed in its "head/' and 
breathing with the aid of oxygen cylinders, operated a device 
that directed a powerful current of compressed air into the 
hollow tentacles at the appropriate moment. These tentacles, 
which unfolded like blown-up toy serpents under the pres- 
sure of the air within them, were animated by springs, while 
to complete the illusion the suckers were represented by half 
tennis balls which were stuck onto the tentacles. Astute busi- 
nessman that he was, Williamson even took out, in May, 
1921, a patent for the contraption (number 1,378,641). 

No, the octopuses we were talking about are those that 
have been seen by reliable witnesses. The master mariner 
Max-P. Robin 7 gives an account of a fight he watched be- 
tween one of those giant octopuses and a sperm whale fifty 
feet long, which he had moreover wounded with a ball car- 
tridge. The fight took place in the Pacific, around a latitude 
of 42 degrees south, off the coast of Chile, in the vicinity of 
the island of Chilo. The octopus* tentacles, twenty-five to 
thirty feet long, were entwined around the head of the whale, 
which was in the process of devouring two of them. It was 
the whale that finally emerged victorious from this fascinat- 

i "Combat de monstres** in Le Chasseur fran$ai$, November, 1952. 
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ing contest, an event of a kind that comparatively few men 
have ever witnessed. 

F. The Habits of Sharks 

Finally, the question of sharks and their habits is one that 
might occupy us indefinitely. The terror and respect in which 
nearly all men hold these creatures, an attitude that has been 
fostered to a very large extent by writers of those popular 
romances wherein are described stirring adventures in equa- 
torial seas, have at times been given added strength and jus- 
tification by what purport to be serious scientific works. Even 
today one can read in supposedly learned scientific publica- 
tions the most lurid and terrifying details apropos of the as- 
tonishing strength and savagery of sharks which, twenty feet 
in length, can bite a man clean in half with the greatest of 
ease, as well as accounts of the habits, centered almost en- 
tirely around anthropophagy, of selacians of the most diverse 
kinds. Amid all this fantastic nonsense, one is lucky indeed 
to light upon a grain of truth. 

Vigorous counterattacks have been launched by men of 
science like Gilbert P. Whitley of the Museum of Natural 
History of Sydney, and my friend Paul Budker, assistant di- 
rector of one of the laboratories of the French Museum of 
National History. Between the belief, still extremely deeply 
rooted in the public mind, that any man who falls into shark- 
infested waters is to all intents and purposes already dead (the 
French term requin is derived from requiem), and that which 
would have us believe that sharks are absolutely inoffensive, 
there is room for a more moderate view. I have made it my 
business, for a number of years, to examine all the cases that 
have come to my knowledge of attack, wounding, or death 
caused by sharks, and I have attempted to draw some con- 
clusions from that study. Without asserting anything, with- 
out giving a dogmatic opinion, it is nevertheless possible to 
arrive at some preliminary conclusions based solely upon 
facts. It can be definitely stated that, in our temperate waters, 
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attacks by sharks never occur (though there are numerous 
sharks in the Mediterranean). 

In France, one always hears quoted the celebrated but 
completely isolated case of a shark captured off Marseille 
around 1870 whose stomach contained the remains of a cus- 
toms officer, recently shipwrecked together with his son dur- 
ing a fishing trip. There is nothing, however, to prevent a 
shark from dining off a corpse. The moray and the octopus 
do it. Again, there has been endless discussion concerning the 
death in the Adriatic of a young Yugoslavian student, Mile. 
Printz, who, so the tale went, had been literally torn in two 
by a shark while bathing off Fiume in August, 1934. When 
I was traveling in the Dalmatian Islands, in 1951, every time 
I happened to mention sharks, this story was dished up anew 
in a voice trembling with horror; I was treated to it again 
when I stayed in the Isle of Kvar, the Isle of Rab, and the 
Isle of Mljet, although the so-called tragedy occurred in 
Crjvelnica, several hundreds of miles to the north. 

Now the Yugoslavian press, as early as September 2, had 
intimated that the announcement of the death of Mile. Printz 
following an attack by a shark was, to say the least of it, 
somewhat premature, since the student in question was in 
fact at the moment peacefully preparing to take examinations 
at the University of Ljublana! That does not alter the fact 
that any number of people believe, and will continue for a 
long time to believe, that she is dead and buried on the shores 
of the Adriatic. 

In Greece, on the other hand, Peter Brussalis, though he 
had not actually witnessed the accident, told me that in 1947 
a boy of seventeen, swimming not far from the place where 
the remains of carcasses from a slaughterhouse were dis- 
charged into the sea, had been seriously injured by a shark, 
and that in 1951, in Corfu, 2500 feet from a public beach, 



8 Reported by Paul Budker in his book Le$ Requins, Gallimard. 
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a young girl swimmer had been devoured, while a child 
quite close to her was quite unhurt. 

Off the small islands that border the coast of Mallorca, pro- 
fessional fishermen live in absolute terror of the tintorreras 
("dyers of the sea" evidently red dye), but we were unable 
to obtain any definite facts. In Italy, the pescecani are greatly 
feared by the sailors and the fishermen, but, It seems, with- 
out there being any real strong basis for such an attitude. So 
in the end we must conclude that in our temperate waters 
the chance of being attacked by a shark is "considerably less 
than that of being struck by lightning," to quote Dr. Freder- 
ick Lucas of the American Museum of Natural History. 

The situation is totally different in tropical waters. More 
or less everywhere, along the coasts of all the warm seas, at- 
tacks and fatal injuries due to sharks are reported. The care- 
ful statistics compiled by Gilbert Whitley from 1791 to 1951 
show that over a period of 160 years, in the waters of Sydney 
alone, 260 cases of attack by sharks and 100 consecutive 
deaths were recorded. The remarkable feature was that of 
these only 5 divers had been assaulted (they were pearl, coral, 
or sponge divers). All the other victims were swimmers. 

At Saint-Louis in Senegal, at a distance of a hundred feet 
from the shore, a colonial administrator is gravely injured in 
the legs, in waters less than six feet deep. On the Burmese 
coast a native is seized by a shark while in the act of hoisting 
himself onto a rock; he disappears beneath the blood-stained 
waters. An employee of a timber firm is standing waist deep 
in the water on the coast of Spanish Guinea, between Bata 
and Rio Ekanko; a, shark tears his buttocks away, and the un- 
fortunate man, while trying to protect himself, loses both 
forearms; he dies three days later. In 1949, three German 
legionnaires try to escape by jumping overboard from a ship 
in the Strait of Bab-el-Mandeb, off the small island of Perim, 
and set out to swim to the Dankali coast. The waters are in- 
fested with sharks. Only one man reaches the shore after 
being in the water thirteen hours; he lias seen his two com- 
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panions, while swimming at his side, seized and devoured by 
enormous sharks. These facts, whose accuracy and authentic- 
ity are unquestionable, demonstrate that the danger that 
sharks represent is far from being an imaginary one. An ex- 
amination of these tragic incidents, however, reveals some- 
thing that at first sight appears somewhat paradoxical: the 
victims are nearly always surface swimmers or half-submerged 
persons, either entering the water or leaving it, and only ex- 
ceptionally are they divers. Captain J. C. Voss, who has ac- 
complished a sensational voyage around the world in his little 
boat, the Tilikum, was greatly astonished to see, in Aus- 
tralian waters, the native divers disappear beneath the waters^ 
right into the middle of a host of sharks, in order to gather 
holothurians (sea cucumbers). The Japanese captain of a 
schooner which had, for a very long time, been engaged in 
fishing for "trepang" 9 confided to him, "I have never lost a 
diver because of sharks." 

To try to explain this apparent impunity that divers and 
underwater hunters seem to enjoy with respect to molestation 
by sharks, while swimmers on the surface pay a tragic tribute 
to their voracious appetite, I have held for some time an 
opinion, which however does not in the least pretend to be 
definitive and final. 10 

Let us imagine a good-sized shark, of one of the dangerous 
species (Galeocerdo arcticus or tiger shark, Sphyrna zygoena 
or hammerhead shark, Carcharodon carcharias or white shark, 
all man-eaters) encountering a swimmer whose head is out 
of the water and who swims with a quiet breast stroke, com- 
pletely oblivious of the unseen peril. What does he represent 
for our shark? Two legs, which execute the froglike move- 
ments of the breast stroke, that is to say two whitish pro- 
longations that join and separate and that certainly do not 



9 The name "trepang" or sea cucumber includes a dozen species of holo- 
thurians, which, dried or smoked, are sent to China, where they are greatly 
appreciated for their alleged aphrodisiac properties. This is, in fact, an im- 
portant trade. 

10 "Point de vue" "Images du monde" April 17, 1952, No. 202. 
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appear to be dangerous. They resemble the tentacles of an 
octopus or the legs of a giant tortoise. For a quarter of an 
hour, half an hour maybe, the shark follows, warily Investi- 
gating this tempting prey. When it is quite satisfied that the 
object is truly inoffensive, and that its size offers the prospect 
of a good, satisfying, yet manageable mouthful, the shark 
makes up its mind: after all, it does not run any risk, and be- 
fore he realizes his danger the unfortunate swimmer has sus- 
tained a brutal amputation, if not indeed a fatal injury. 

Let us now suppose that this same shark had come face to 
face, in the same locality and under the same conditions, with 
an underwater hunter, submerged to a depth of fifteen to 
twenty feet. It no longer sees merely a pair of legs beating 
the water, but a whole body, whose 150 pounds it estimates 
quite accurately, and which is clearly endowed with defen- 
sive properties, as is proved by the object that the shark, with- 
out knowing it to be a gun, finds constantly directed toward 
itself, as well as by that head whose eyes follow it in all its 
evolutions (it is through the medium of the eyes, for lack of 
language, that powerful feelings are conveyed: hatred, anger, 
aggressiveness). Lastly this unfamiliar creature, of quite 
formidable bulk, whose behavior is anything but reassuring, 
shouts. . . . This noise alone, which, transmitted through the 
water at a speed of one mile a second, is so unusual in this 
silent world, would by itself be enough to put the beast to 
flight. The shark is not mad; it decides to abandon those 
strange 150 pounds which in any case it would not even be 
able to swallow. One may be a shark, but one is no less 
prudent for all that. 

The underwater hunters of all the tropical seas, who are 
becoming more and more numerous, have abundantly de- 
scribed to me the result of their hunting in proximity to 
sharks. One must, of course, see things as they arc, and one 
must recognize in those sharks mentioned by Jack Quillet 
from Noumea, Bob Dali, and Dr. Caillard (sharks which 
divers, meeting with them on the sea bottom, proceed to cap- 
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ture by passing a slipknot around their tails and towing them 
peacefully behind their boats) the sand or nurse shark, Gin- 
glymostoma cirratum, G. odontaspis, or one of the members 
of the genus Orectolobus, the carpet shark (Orectolobus bar- 
batus), all absolutely inoffensive ones. On the other hand, A. 
Pujol's team in Djibouti commonly hunts among sharks of 
all types hammerhead sharks, carcharids, isurids, small sharks 
(probably longimanus) without ever having been molested. 
One of the pioneers of diving in the waters of the Gulf of 
Aden, which are reputedly dangerous, has, however, related 
to me the details of a frightening adventure: "I had de- 
scended to a depth of fifty feet in my Cousteau diving suit, 
immediately below the island of Maskali. Several big sharks 
turned up and began to describe smaller and smaller circles. 
One of them approached me, passed me slowly, turned back, 
and started again. The others were also coming nearer. I was 
able to reach the rocky wall down which I had effected my 
descent, and I lay flat against it with the distressing feeling 
that my end was near. Untiringly, and like vultures sniffing 
a carcass, they went on describing their infernal circuit. A 
shoal of tuna distracted their attention from me for a mo- 
ment. I rushed to the surface: three days later, I returned to 
this same submarine bottom/' 

In Mauritius, Christian Constantin reported to me that 
"the sharks of our seas do not in any way interfere with our 
underwater hunting and they have never attacked us, though 
sometimes they steal the fish that we have harpooned." 

Even in Australian waters, in which the density and the 
number of the different species of sharks are higher than any- 
where else, no case of attack has been reported among the 
enthusiasts of the underwater chase. Considering the length 
of time ten yearsduring which underwater hunting has 
been practiced along all the coasts of the world, and bearing 
in mind the number of immersions and their duration, which 
often reaches five to seven hours a day, this absence of acci- 
dents seems to me quite revealing. I have, however, just re- 
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ceived notice of two cases of injury caused to hunters by a 
shark. The first accident occurred on January 23, 1952. A 
twenty-six-year-old Frenchman, Bernard Moitessier, a solitary 
navigator, conceived the idea of reaching Madagascar from 
Singapore on board a nine-ton Chinese junk. He had already 
crossed the Indian Ocean when his boat sank at the Chagos, 
near Mauritius, on September 4, 1951. A very enthusiastic 
underwater hunter and an excellent diver, he was indulging 
in his favorite sport on the coast of Savane, near Port- Louis, 
when he harpooned a sea carp, which succeeded in freeing 
itself. Attracted by the blood, a small shark turned up, which 
was impaled by our bold sportsman. The latter was struggling 
with his prey when he felt something grasp his right foot. 
A big shark of a kind known locally as the "dark shark" had 
seized him with its powerful jaws. With blows from the butt 
of his underwater gun the diver tried to defend himself, and 
fortunately the shark, frightened, decided to flee. Bleeding 
profusely, the unfortunate hunter was hauled by some neigh- 
boring fishermen into their boat and taken to the hospital, 
where Dr. Dufourmental amputated several toes. His right 
foot had been severely lacerated, several tendons being cut. 

The second case of attack on a diver occurred on the Aus- 
tralian coast on February 1 6, 1 953, at Shell Harbour. Messrs. 
Gallagher, aged twenty-five years, and Jeffcoat Kevin, of 
Wongawilli, were harpoon fishing at a distance of about 
thirty yards from the coast. Mr. Gallagher, having dived to 
fifteen feet, raised his head and found himself nose to nose 
with a shark, which nearly tore his nose off and wounded him 
on the throat. The diver then saw his aggressor flee; it was a 
"wobbegong" (carpet shark) about nine to twelve feet long. 
Mr. Gallagher was able to return to the shore unaided. This 
story is rather strange for several reasons. The wobbegongs 
are absolutely inoffensive creatures, belonging to the family 
of the orectobolids. The biggest of them measure six to nine 
feet. 

One can hardly blame a man who has been attacked in this 
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way for failing to judge accurately the length of his attacker. 
I think, however, that this was not really a case of attack but 
a misunderstanding. It seems very probable that the shark 
must have been as frightened as the hunter, neither of the 
two having seen the other until that second, and that the en- 
counter merely brought about the normal reflex responses: 
retreat in the man, biting from the shark. Until I have more 
detailed information about it I shall reserve judgment on 
this last case before placing it in the records of genuine in- 
juries caused by sharks to submerged divers. Captain Cous- 
teau, to whom I was relating all the above facts, commented, 
"And that is only a beginning. I am convinced that if they 
persist in hanging around them, cinematographers and un- 
derwater hunters will succeed before long in bringing disaster 
on their heads and the time is not far off when one of them 
will be well and truly devoured/ 1 His ideas concerning sharks 
have changed somewhat since that time when, in the waters 
of Cape Verde, he calmly proceeded to take a film of Dumas 
catching by the tail an enormous carcharid. He has indeed 
found himself exposed, in the Atlantic, and on several occa- 
sions in the Red Sea, to the concerted attention of a squadron 
of sharks which manifested an obvious desire for closer con- 
tact, certainly not of an amicable kind, and more particularly 
directed toward our friend. "And that/' exclaims Captain 
Cousteau, "in spite of the fact that I was the thinnest of the 
lotl" At all events, though the Calypso's captain considers 
that there is a period of grace, so to speak, of something like 
fifteen to twenty minutes before a shark will attack, he has 
become extremely circumspect in his tropical dives. 

Hans Hass followed the same evolution. This amiable Aus- 
trian diver, who did not hesitate to film the wild dance of 
those sharks roused to gluttonous frenzy by the presence of 
hundreds of fishes killed or stunned by dynamite, the under- 
water cinematographer to whom we owe the most astonishing 
sequences of authenic monsters, evinces nowadays a well- 
marked aversion for sharks, since the occasion when a dozen 
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of them gave him an unpleasant half-hour, wedging him 
against a coral cliff in the vicinity of Port Sudan in the Red 
Sea. 

Lastly, my friend Jean Vezia and numerous hunters from 
Dakar, who boldly embarked in a pirogue upon the high seas, 
in pursuit of the enormous groupers that are found in the 
neighborhood of certain well-stocked banks, have had several 
alarming encounters with hunting sharks which charged 
straight at them, becoming at first obstinate, then threaten- 
ing. They, too, now no longer venture far from the coasts. 
When we ourselves departed for this famous Red Sea, we had 
set our heart on bringing back photographic documents, 
films that would furnish proof of this theory of the nonaggres- 
siveness of sharks toward divers, a theory very easy to write 
about in the quiet and safe atmosphere of a study. Assisted 
by underwater hunters from Cairo, and in particular by 
Messrs. J. Eid, A. Kyriazi, M. Mustacchi, J. R. Pradier, 
P. Sabran, and A. Valsamidis, who showed much genuine 
courage and whom I am glad to thank here, we found our- 
selves in a surprisingly short time (the Egyptian revolution 
had just broken out and General Neguib's coup d'dtat did 
not exactly facilitate exploration in the forbidden zone of the 
desert) off the isles of Gafatin as well as along the shore of 
Dichit-el-Daba and between Ras-Gharib and Hurghada, con- 
sorting with some hundred sharks, generally six to nine feet 
long, nearly all belonging to the species believed by M. Paul 
Budker to be Carcharinus longimanus (which is not always 
completely harmless), with a few isurids and one or two very 
large carcharids over twelve feet long. 

Comparatively few of our contemporaries have dived, flip- 
pers on feet and respiration suspended, into the warm waters 
of the Red Sea. There one no longer enjoys that peace of 
mind, savors that serenity of the soul that the liberation from 
gravity and the silence of the depths give to the hunters of 
Sainte-Maxime or Gulf Juan. The attentive eyes must follow 
the snarling barracudas, the venomous lion fishes, and the sur- 
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geon fishes prodigal of their cruel razors. The unknown peril 
that lurks in a sea teeming with strange forms and monstrous 
inhabitants freezes the hunter's blood, filling him with an 
indefinable apprehension. Those feelings, far removed from 
scientific curiosity, the primitive emotions of mere terrestrial 
bipeds as vulnerable and helpless as the early Christians fac- 
ing the beasts in the Roman arena, may perhaps be of some 
interest to the Occidental reader. There is unquestionably 
an effect of physiological shock when, ascending from the 
bluish night of the depths, which impresses even the most 
hardened diver, into the submarine field of vision glides the 
powerful, massive, and savagely beautiful bulk of a shark. 
There is here a rather strange duality in the hunter's sensa- 
tions: primarily fear, the ancestral dread of the shark, kept 
alive in him by tradition, reading, beliefs, and at the same 
time an undeniable aesthetic emotion. The beauty of the 
shark is obvious, immediately apparent, blinding. The shark 
in its universe is as noble as the panther in its leap, the lion 
sniffing the wind, its massive body all taut, or the boa in the 
irresistible crushing of its muscular coils. However incredible 
it may appear, it is admiration that carries the day; the 
hunter stops, filled with amazement, but he stops to marvel, 
and only afterward does he tremble. 

For our part, our first contact with a shark was when one, 
spotting us from afar, charged toward us at a diabolical speed, 
stopping dead at three feet from our camera, which we had 
remembered to aim and operate. Stronger, almost, than the 
awareness of alien peril was a deep, intimate feeling of grati- 
tude for the improbable lifesaving turn of events, the ex- 
traordinary act of Fate, which perhaps might never be re- 
peated. The terrestrial hunter who, one knee on the ground, 
succeeds with a fortunately placed shot in stopping the charge 
o an elephant; the test parachutist who, his eyes fixed on 
the altimeter while the ground beneath him comes closer and 
closer, sees the silken canopy blossom over his head, have 
probably known similar moments. When the hunter, fully 
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alive now to the danger, tries to avoid it by some rather 
ridiculous precautions, when he no longer ventures into the 
open sea, preferring to remain close to the illusionary refuge 
of a coral reef, which he would not even have time to reach 
if the animal, far more swift than he in its movements, de- 
cided to fight, then things are no longer the same, the spell is 
broken. It is habit, blunting feelings, that deprives them of 
their almost unendurable acuity. In moments such as the 
above lucidity returns, and the hunter becomes fully con- 
scious of those elements that constitute the beauty of the 
spectacle. 

He admires the mathematical rigor o the lines, the grace- 
fulness of the shark's movements, the haughty indifference o 
an animal that has never known a rival, one that is accus- 
tomed to meet only overawed underlings or fleeing victims. 
The hunter, while remaining fascinated, gradually emerges 
from the spell. It is in this state of mind, attempting to ana- 
lyze the confused medley of conflicting emotions that have 
been aroused in our breast, that we have moved around 
among these creaturessometimes, it is true, having to exer- 
cise all our will power in order not to flee from an increas- 
ingly close approach the whole performance being set against 
that astonishing backcloth of vivid colors and strange shapes 
that is provided by the luxuriant corals of the Red Sea. We 
were able to make a number of interesting observations. 
These remarks, however, are applicable only to those species 
under consideration and to that particular region. We do not 
wish to be quoted as saying, as some journalists have written, 
"All sharks are cowards/' simply because, in those waters in 
which we were hunting, we have not been attacked by the 
sharks that surrounded us. Such a generalization is clearly 
a stupid one and reveals a complete lack of objectivity. My 
remarks on the matter are of only limited scientific value and 
they need to be corroborated by dozens of other similar ob- 
servations. They have already been confirmed by the accounts 
of Roger Lesage and Francois Gueyraud, of the Italian Na- 
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tional Expedition. Such facts must, however, be established 
with painstaking accuracy; It Is essential for the teams of 
divers concerned to keep detailed, accurate, and up-to-date 
notes. For example: "'Hammerhead shark (Sphyrna zygoena). 
Locality: off the tip o Ras-Mohammed (Saudi Arabia). June, 
1952. Calm sea. Visibility good. Temperature of the water 
86 degrees F. Dimensions: 15 to 20 feet. Depth: variable 
from 10 to 150 feet. Distance from the nearest point on the 
shore: 180 feet. Species encountered either singly or in shoals 
of 5 or 6. Approaches as near as 1 5 feet. Fairly timid shark. 
Circles around the hunter who has just harpooned a fish, but 
does not 'steal' it. Number of sharks observed: 250. Number 
of observers: 8. Duration of observations: 10 days. Total 
hours of immersion per diver during period: 60 to 70." 

If such observations were repeated at the same place at 
different times of the year and in different kinds of weather 
and temperature, if they were duplicated off the coasts of the 
Shadwan Islands, Djeddah, the Abula Isles, and Berenice, 
if they all agreed in establishing the timid, nonaggressive 
character of this species of shark, then it would be possible 
to assert with reasonable confidence what is the normal atti- 
tude of, for example, the hammerhead shark toward the 
diver. 

In ten years* time we should have amassed a sufficient num- 
ber of observations, and I am sure that we shall succeed in 
this aim. Here, then, summed up in this fashion, are the 
essential features of my own observations: "Observed type: 
Carcharinus longimanus; five branchial clefts; white spots on 
the fins and on the upper segment of the tail fin, which is 
heterocercal; elongated and spindlelike body. Length: six to 
nine feet. Weight: 200 to 500 pounds. Month: July, 1952. 
Place: cliffs of Dichit-el-Daba. Temperature of the water: 
91 degrees F. Sea: calm. Water: very clear and without cur- 
rents. Encountered at all depths: on the corals, at the bottom 
of coral cliffs, off the coast, in open water. Sometimes mani- 
festing a lively curiosity and dashing at full speed toward 
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the diver. Generally mistrustful, approaching no closer than 
fifteen feet, compelling the cameraman In this instance my- 
selfto dive but not allowing him to get closer than six feet. 
Rarely in groups. Swimming speed when hunting: extremely 
rapid. Acceleration when departing: incredible. Not inter- 
ested in colored and dark fishes. Likes silvery and moving 
prey: bonito, horse mackerel, mullet. Arrives suddenly im- 
mediately a fish has been transfixed by a hunter, 'steals' it 
off the arrow without injuring itself. Snaps it and swallows 
it. Undulating, wriggling motion of the body frequent after 
capturing a fish in this way. Swoops on its prey from above 
downward and does not turn upside down as the traditional 
belief has it. Few are accompanied by a pilot fish (5 per cent). 
Seems to find its way about quite well, as if it had perfect 
sight. Does not appear to be aggressive at dusk. Comes very 
close to the shores at that time of day, hunting for the skates 
that abound there." 

Here is a sequence of observations such as we would like 
to read from the pens of a hundred other divers. The day 
will come when the ferocity of sharks under different con- 
ditions will be accurately assessed and catalogued: at such a 
time, at such a place, at such a depth. To conclude, I would 
like to set forth two rather different opinions. Everybody 
knows that, during the last world war, many Allied airmen 
and sailors were precipitated into tropical waters* The dan- 
ger created by the presence of sharks caused the High Com- 
mand considerable concern, and a product was perfected 
that resembled a piece of soap and was called * 'shark repel- 
lent"; this product, composed of colored copper acetate, had 
the effect of creating around the sailors or airmen, for the 
first two or three hours of their immersion, a zone that was 
unapproachable in principle at least by sharks. At the same 
time, the Navy's Office of Aeronautics issued to its airmen 
and sailors a booklet, the conclusions of which were that 
"sharks are the greatest cowards of all the animals which 
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run, fly, or swim, and the more one gets to know them the 
less one fears them." 

Captain Cousteau's opinion is, as we have seen, quite dif- 
ferent: "It is impossible to guess how a shark will react; the 
more one sees of them, the less one knows them, and one 
mistrusts them more and more. By constantly worrying them 
in their own world, divers are asking for trouble. I am ex- 
pecting to hear of an accident any day now, and it certainly 
won't be long before one happens." 

Between the rash, overoptimistic assertion (doubtless made 
with a view to boosting morale) of the American services and 
Captain Cousteau's pessimistic fears, there seems little in 
common. 

No doubt time will serve to classify our impressions, and 
the coming years will see an accumulation of such observa- 
tions, thus enabling us really to know which sharks are the 
"good" ones and which are the ones whose aggressive and 
dangerous nature makes it advisable to give them a wide 
berth. 

Unfortunately, however, by the time we have succeeded, 
in the bluish immensity of the water, in recognizing to which 
type a shark belongs, it may be too late. There are no charit- 
able beings dwelling in the depths of the tropical waters who 
will considerately erect, in the appropriate regions, notices 
saying "Beware of the sharks." 

2. Venomous Organisms 

The irruption, fairly recently and en masse, of man into the 
marine world, has thrown this time in a rather more peace- 
ful field new light upon a question that is less spectacular 
than that of sharks, but that scientifically is fully as interest- 
ing: the question of venoms. 

In general, nature or God, or the principle of natural 
selection, or that of teleology, according to what you wish 
to call it has endowed certain creatures with venomous or- 
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gans, which may be either defensive (developed by a process 
of differentiation from the cutaneous glands, and therefore 
from the ectoderm) or offensive (arising from the digestive 
tract, therefore from the endoderm). In reality, we find that 
things have become more complex: venom originally de- 
signed for the purpose of capturing prey has become purely 
defensive, while a secretion that in the beginning served to 
protect the individual, serves eventually for aggression. Some 
animals use their weapon indifferently for attack and defense. 

Even so, we must try to reach some agreement as to what 
constitutes a venomous characteristic in any particular ani- 
mal, since the toxic properties of such characteristic are often 
specific, killing some species instantaneously and leaving 
others completely unaffected. 

In the sea, venomous animals are relatively numerous. We 
find them throughout the whole realm of the animal king- 
dom, from the lowest to the highest coelenterates such as 
sponges, medusas, corals, and actinia may all possess venom- 
ous secretions; so do many echinoderms, such as starfishes, 
sea urchins, holothurians; while lastly, among the vertebrates, 
there are a multitude of fishes that can sting, poison, and 
paralyze their adversaries. 

A. Coelenterates 

Corals, actinia, polyps, medusas, are very frequently provided 
with a stinging apparatus composed of microscopical sacs, 
each forming a kind of toxic capsule; these sacs are situated 
in the outer cellular layer of these primitive animals, which 
in fact are constituted by two such cellular layers. 

The stinging apparatus is generally composed of minute 
organs having the shape of drops, sometimes exactly resem- 
bling rubber syringes; they are filled with a toxic fluid, while 
in the center of each is a filament furnished with, points or 
hooks, which may be compared to the tightly compressed 
coiled spring of a loaded air gun. Certain exterior organs 
generally floating filaments or cilia have the specialized func- 
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tion of giving the alarm. The slightest contact with these 
"alarm bells" brings about the rupture o the defense cell 
and the release of the armed filament, which shoots out like 
an arrow, scratching the cutaneous surface of the prey of the 
aggressor; through the minute excoriations thus created the 
poison enters the body of the enemy. 

(a) Actinia (sea anemones), with their varied colors, possess 
tentacles that have urticariant properties; the number of 
these tentacles is always a multiple of six. To be truthful, 
their aggressiveness to man is very slight: a little itching, a 
few urticarial wheels, nothing more. The actinia gatherers 
(the coast dwellers are fond of them and eat them fried or 
in fritters) seize them, in fact, by their base without any ill 
effects. The venom of the actinium does not seem in the least 
to incommode certain small fishes, such as the pomacentrid, 
which lives in the cavity of the coelenterate's stomach, enter- 
ing and leaving through the mouth of the animal without 
provoking any reaction of displeasure on the part of its host. 

It was while studying actino-congestin, the poison isolated 
from sea anemones, that Portier and Ch. Richet evolved 
their theory of anaphylaxis, the study of which has had con- 
sequences of great importance to biology and medicine. An 
initial dose of actino-congestin, called the "sensitizing dose," 
is introduced under the skin of a dog without any serious 
reaction. Twenty days later a much smaller dose is injected 
into the same dog. The second injection precipitates a train 
of striking and intense phenomena: the animal immediately 
manifests discomfort, pallor, urticaria, pruritus, hypothermia, 
vomiting, gradually becomes comatose, and dies. Such are the 
effects of anaphylactic shock, which is, in fact, a general reac- 
tion of the organism to the introduction into the blood 
stream of foreign protein substances. There is a precipitation 
(flocculation, as it is called) of the blood colloids. Anaphylaxis 
is therefore the contrary of immunity. 

(b) Medusas. Contact over a long surface area with certain 
urticariant medusas can cause serious and sometimes even 
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fatal reactions. The sequence of symptoms follows with tragic 
rapidity: while he is still in the water, a bather suddenly 
feels violent burning and itchings; he cries out, calls for help, 
is generally hauled up into the boat of the beach supervisor 
and brought back to the shore. One can then see, clearly 
outlined on his skin by edematous and urticarial stripes, the 
tracing of the aggressive filaments. The victim is pale and 
considerably agitated. He complains of great pain and irri- 
tation of the ocular and respiratory mucous membranes; 
vomiting may occur. The parts of the skin that have been in 
contact with the animal exhibit marked sweating. Before very 
long, muscular spasms occur, affecting with particular inten- 
sity the muscles of the abdomen and thorax; they are accom- 
panied by a sensation of acute oppression, dyspnea, and 
tachycardia; the unfortunate victim can no longer move his 
limbs, and he may die in a few minutes from cardiac collapse 
or asphyxia brought about by the localization of the toxin in 
the cerebral centers (Ravina; Wade; Stuart and Sladie). 

Fortunately, accidents due to the poison of the medusa 
rarely exhibit such a degree of seriousness. The usual dis- 
turbances are confined to an urticarial rash accompanied by 
muscular contractions and some degree of paralysis of the 
affected parts, together with sweating, anguish, and a feeling 
of oppression. 

Neither the application of an alkaline lotion, as tradition- 
ally recommended, nor injections of morphia have much 
effect on either the pain or the distress. Cardiac stimulants 
are, of course, indicated, but the best treatment is the result 
of recent research, which the increasing number of these acci- 
dents has both stimulated and made possible. A specific form 
of medication producing spectacular effects should be em- 
ployed, to wit, the intravenous injection of twenty cc o 10 
per cent calcium gluconate, which may be repeated an hour 
later. Contractions, pains, and anguish disappear very rap- 
idly. All that will remain are the purplish traces of the 
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filamentous organs of the medusa etched on the skin, traces 
that persist for many weeks. 

Together with these hostile manifestations, medusas are 
capable of protecting and even defending some species of 
fish, such as the small horse mackerel, which take shelter 
under the bell of the coelenterate at the slightest sign of 
danger without bothering in the least about its urticariant 
venom. 

(c) Corals (polyps with eight tentacles) hardly cause any 
disturbance in European waters to the diver without a breath- 
ing apparatus. In tropical seas, however, the hunter may 
come into contact, to his detriment, with the stinging corals, 
which are extremely numerous and cause particularly acute 
burns. If a large area of the skin has been in contact with 
these corals, contractions and pains are so severe that the 
victim is obliged to return to the surface and to interrupt his 
reconnaissance; for about a week afterward the evidence of 
this involuntary encounter persists in the form of large red- 
dish and sensitive patches. 

B. Echinoderms 

Neither the asteria nor the holothurian are to be feared by 
man. Ordinary sea urchins cause only abrasions, which can 
be, it is true, very unpleasant, all the more so in that they 
leave in the skin minute fractions of their spines, whose ex- 
pulsion will take place spontaneously after a longer or shorter 
period. 

On the coast of Ceylon is found a particular kind of sea 
urchin which does not possess a calcareous shell but which 
defends itself against its enemies with its venomous spines. 
It is often known as the "Basle sea urchin/' because it has 
been studied by the Swiss naturalists Paul and Fritz Sarrasin 

C. Fishes 

It is venomous fishes that are responsible for most of the 
accidents involving poisoning, because it is their capture that 
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the underwater hunter has as his object and because he is 
compelled to handle them in order to take them off the har- 
poon and hook them onto his fish hanger; as he tows them 
behind him, attached to his waist, their spines, fins, and 
armed opercula are liable, in the course of some hours of 
swimming, to come into contact with his loins and buttocks. 

Nearly all are covered with an urticariant mucus whose 
effects are relatively mild and leave hardened divers cold. 
Scorpenids such as the rascasse, the chapon, and the blue- 
mouth bristle all over with needles and spines; among those 
other fish which need to be handled with caution are the 
triglids such as the gurnard, the scienids (corb and tassel 
fish), the percids (bass and "apogon"), the serranids (sea perch 
and comber), and even the sparids, which are so common 
and which include the blacktail, the dentex, and the sea 
bream. The true venomous fishes around the French coast, 
those that are really dangerous, are: the weever or sting fish, 
the sting ray, and the moray; and in exotic waters: the parrot 
fish, the coral fish, and the lion fish (chicken fish). 

(a) Weevers (or stingfish), of which four species are found 
in French waters, are responsible each year for many acci- 
dents, either because the hunter handles them or because he 
treads on them when they are buried in the sand near the 
beach, just below the surface. The spines of the first dorsal 
fin, which is short and possesses seven sharp spines, and the 
strong spine of the preoperculum are the weapons that the 
great weever (Trachinus draco or sea spider) and the lesser 
weever (Trachinus viperd) use to inject their venom. 

Throbbing pains and pruritus, together with transitory 
paraesthesia, sometimes of a spreading character, appear 
straight away at the site of the sting, while the local reactions 
are very strikinga livid area immediately around the lesion, 
surrounded by an inflammatory zone. The morbid process 
may go as far as necrosis, while in some exceptional cases 
amputation becomes necessary. The general systematic reac- 
tions are alarming: psychological depression, dyspnea, cyano 
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sis, sweating, giddiness, slowing of the heart, and retention 
of urine. The victim, seems on the verge of collapse. Old 
wives' remedies are not lacking (in this case old fishermen's 
remedies). It is commonly recommended that a poultice made 
from the liver of the weever itself should be applied to the 
affected part (a real homeopathic remedy); one is counseled 
to keep it on until the tide returns to the point where it 
was when the sting occurred; that is to say, in landlubber's 
language, about twelve hours. There is, of course, no justi- 
fication for allowing the victim of a sting to suffer in such 
a way and to run the risk of localized gangrene or of syncope. 
Here again, treatment with calcium gluconate or an intra- 
muscular injection of one milligram of ergotamine tartrate 
brings about relief in less than an hour. At the slightest sus- 
picion of infection, of course, treatment with antibiotics must 
be started. 

(b) M or ays. We have already seen that there Is a differ- 
ence of opinion among authors as to whether or not the 
moray actually possesses any venom. Even though some of 
them have described fine grooves whose function, they main- 
tain, is to conduct the venom to the exterior, Marie Phisalix 
has not found any venom-containing gland. Ropacewski Is 
positive: there is no venom in the moray. 

On the other hand, it may be dangerous to handle this fish 
if one has some minor wound; contact with it may lead to 
suppuration and lymphangitis. It was, in fact, shown by 
Mosso in 1888 that the serum of eels, congers, and morays 
was toxic. This "ichthyotoxin," when injected Intramuscu- 
larly or intravenously into laboratory animals, may cause 
death (Richet and H^ricourt, Camus and Gley). 

In the practice of underwater hunting, it is rarely if ever 
necessary for the doctor to be called upon to neutralize the 
somewhat hypothetical venom of the moray. 

(c) Sting rays. The doctor may, however, be called to 
counter the misdeeds of one of the varieties of sting ray 
(trygorij pastenague, family Dasyatidae, suborder Trigonidae). 
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They are armed on their caudal appendage with a sort of 
barbed dagger, which In repose is lodged in a notch, and 
which at the slightest stimulus becomes erect, threatening, 
and dangerous because of the venom it can instill. The fore- 
warned hunter, in his encounters with the animal, must not 
lose sight of this redoubtable zone, and by the exercise of 
coolness and self-control he can avoid contact with It. The 
beginner runs a risk, either when bringing the creature back 
to the shore or while removing it from the harpoon, of being 
wounded by the poisonous sting. The hunter must therefore 
be aware of this danger and must protect himself from it 
while towing his prey to the shore, and he must, once he has 
reached the coast, cut off the maleficent appendage, 

In the case when the diver has not been able to ward off 
the venomous attacks of the pastenague, he must expect the 
wounded limb to be very painfully affected and must be 
prepared to endure the severe inflammation and fever that 
will occur. Here again calcium therapy will work wonders. 

In tropical waters the practice of underwater hunting, so 
far not all that common, has not yet made it possible to carry 
out a sufficient number of observations. We know, however, 
that most coral fishes are, if not venomous, at least poisonous; 
more than one European has bitterly regretted eating theml 
It is wise to seek the opinion of the natives, who though they 
may sometimes be wrong, are nevertheless generally able to 
distinguish the toxic species. The lion, fish would seem to be 
a terrifying creature, if we are to believe the stories told by 
the natives of the desert bordering the Red Sea. This mag- 
nificent fish, possessing as it does real wings, gorgeously mot- 
tled with crimsons and iridescent blues, unfailingly incites 
the underwater hunter who catches sight of it to go and have 
a closer look. It stays just where it is and could be easily 
seized. The hunter would soon regret such an action, how- 
ever, and, according to the native fishermen, the sting would 
prove fatal. For my part, I do not believe a word of it* I 
have not gone as far as seizing these dream fishes in order 
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to prove my point, but I know several underwater hunters 
who have been the victims of lion fishes without suffering too 
much hurt, although they have admittedly developed lesions 
of an infectious nature, with immobilization of the region or 
regions stung. It is prudent not to attempt to obtain more 
accurate information on this question. 

In conclusion, the increasing number of encounters in the 
depths between man and those marine animals provided with 
offensive or defensive weapons of a venomous kind have 
made possible the perfection of a successful and rapidly act- 
ing form of therapy. Anyone who has been either bitten, 
stung, or wounded should immediately be induced to rest in 
quiet surroundings. Cardiac stimulants and nerve sedatives 
are useful, but more than anything else an immediate intra- 
venous injection of twenty c.c. of 10 per cent calcium glu- 
conate produces a marked calming effect and counteracts 
anaphylactic shock. This injection may be repeated an hour 
later. At the same time, one c.c. of ergotamine tartrate to 
combat the contractions and pains, and atropine sulphate, 
which helps to relieve the accompanying disorders of the 
digestive tract, may also be given with benefit. Nearly always, 
the results are spectacular and extremely satisfactory. 

3. The Psychology of Fish 

With a gun in his hand and murder in his heart, man first 
penetrated into the unknown realm of the submarine uni- 
verse; his eyes appraised its inhabitants as potential victims 
and not as subjects for observation. The first diver was more 
interested in discovering a grouper in its cave than in de- 
ciphering a zoological secret. 

Once his pride in his first captures passed, and the elation 
of a double victory over both the hostile element and the 
cunning animal became somewhat blunted, the diver found 
himself, willy-nilly, caught up in the fascinating pursuit of 
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reading a still unpublished book, with its infinite chapters, 
its gigantic pages. 

Thus it is that, gradually, I have seen former diving com- 
rades abandon the weapons that once they wielded so zeal- 
ously, as being stupidly destructive, and turn, this one to 
observation, that one to exploration, this other to photog- 
raphy, yet another to underwater cinematography. 

"I am no longer able to destroy a derbio that I see passing 
by, powerful, bold and splendid/' one of them told me. "I 
feel so contemptible when confronted by its stricken body, 
its colors already fading, its noble form beginning to lose its 
contours, and its inglorious end at the hands of the sealers 
and cooks already in sight. I prefer to retain of the moment 
of our encounter that revelation of the beauty of the world, 
proof of the divine stamp a tangible reminder of the in- 
tensity of my sensations, a memento of my emotions, so I 
take a photograph. . . . Then, as I watch the magnificent 
creature disappear into the bluish haze of the submarine 
horizon, I have a curious feeling that I too am in some small 
measure its creator, since, if I have not given it life, I have 
allowed it to keep it." 

Others, some of them formerly the most hard-boiled, fanat- 
ical killers, are now incapable of transfixing even the more 
undesirable beasts of the sea. ... "As the creature's entire 
body twists and vibrates on my arrow, its vulnerability, its 
fragility, its innocence even, is suddenly revealed to me. . . . 
What a bad conscience you would have if, in a meadow, you 
struck down, as if it were a criminal, some defenseless sheep, 
bent only on cropping the short sweet grass. Well, I have 
reached the same point with regard to the blacktail, the 
mullet, and the wrasse, and when their little eye seems to 
stare at me in their last convulsion of agony, I have a horrible 
impression that they are judging me, that they feel sorry for 
me, and I am ashamed. ... Do you think that the fish suffer? 
Do you think that they understand?" 
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Suffering, knowing, feeling, and thoughtit is these that 
go to make up an entire human organism, our very person- 
ality. But our humble relatives is there anything in their 
organic make-up, in the complexity of their vital reflexes, 
that can enable them to know sorrow or unhappiness, or 
confer upon them anything we can call intelligence? Is there, 
in short, a psychology of fish? 

Whoever has possessed an aquarium knows that it is suffi- 
cient to stand close up to the pane to see the aquatic prisoners 
it contains congregating before the onlooker; it appears that 
their brains are quick to form the association of ideas: visitors 
distribution of food. We also know of those cases of carp 
trained to come when their names are called, which allow 
themselves to be taken out of the water, caressed, and re- 
placed in their element. Intelligence? The word is easily 
said; but the question remains completely unanswered, and 
becomes even more pressing when, for hours on end, for 
whole days, one lives in the fishes' own environment, swim- 
ming like them, side by side with these baffling creatures. 

Psychology of fish? Enlightened specialists will shrug their 
shoulders. Man can comprehend his intimate reactions, ana- 
lyze his emotions, in himself and through himself; subjective 
psychology is possible to him. By means of analogy with his 
own reactions (a method that is, however, much more open 
to discussion) he is able to infer those of others: I have been 
betrayed, and I have killed my unfaithful wife. Jealousy. 
Vanity. If, then, I hear of a case in which adultery ends with 
a murder, I shall conclude: vanity, jealousy on the part of 
the murderer. This projective, analogical psychology, even 
in the realm of human affairs, is chancy and misleading to a 
degree, and can lead only to conclusions devoid of scientific 
strictness. This is all the more reason why one must not 
adopt this method of reasoning in the field of animal be- 
havior. A fish that flees is not necessarily afraid. This one 
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that bares its teeth is not certainly vicious, and when that 
other defends its nest and its fry hatched the day before, we 
have no absolute grounds for asserting that it possesses pater- 
nal feelings. To attempt to explain the actions of fish in the 
light of similar behavior on the part of men, to discuss moods, 
feelings, and emotions is, properly speaking, nonsense. Would 
it enter our minds to say that the wild flower, wet with dew 
at dawn, laments and mourns the end of the night? This is 
the language of the poet, not of the botanist. 

Animal psychology can be only objective. It is confined to 
studying those acts that are accomplished in such and such 
a given situation, that is to say the behavior of the animal, 
and the scientific and exact nature of this behavior repre- 
sents the sum total of our knowledge of animal psychology. 
To proceed otherwise would lead one to indulge in anthro- 
pomorphical theories; one might write, for example, that the 
pilot fish that guides (so it is said) the shark is aware of the 
importance of its task, and, realizing that its protector de- 
pends on it for its food, and therefore for its life, has a feeling 
of responsibility that is denied to other fish. At one time, 
the scientific works of the zoopsychologists were studded with 
such jokes. To crown everything, those same zoopsychologists 
then proceeded to engage in a philosophers' war to decide 
which explanation, mechanistic or finalistic, should be given 
for those interpretations that they had after all invented! 

Nowadays one can still read, even in works devoted to 
underwater diving and exploration, explanations that have 
analogical or frankly anthropomorphical tendencies. It is de- 
sired, for example, to explain the behavior of a bass that a 
hunter's harpoon has missed by a hair's breadth. The ma- 
terial facts are as follows: A bass has allowed the hunter to 
approach. The arrow, like a flash of lightning, speeds toward 
its mark, passes a few inches away from the back or the head 
of the animal. . . . With incredible agility and suddenness, 
the fish swirls and disappears at full speed; I do not say 
"flees/* since that would already be interpreting the action, 
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Interpolating. 11 The bass stops suddenly after a few yards and, 
retracing its steps, approaches once more until it is practically 
touching the gun, which is now inoffensive. Its first dorsal 
fin is clearly erected, its pectoral fins beat the water rapidly. 
It remains there for a short while (the hunter could kill it 
if his gun had a second arrow) and then it disappears and 
returns no more. 

Then comes the interpretation: the bass is a proud, curi- 
ous, courageous, and pugnacious animal. When a strange ob- 
ject brushes past it, it first yields to an instinctive reflex of 
fright and flees. Very soon, however, its noble character re- 
asserts itself, and it returns to face the danger. Quivering 
with anger, its fins erect and its eye flashing defiance, the 
creature challenges, not without curiosity, the metal object 
that has vomited forth the arrow, and then, conscious of not 
having dishonored itself and having retained the self-esteem 
necessary to a dignified animal, it goes its way disdainfully. 

Out of all this finalistic comment, the only thing that ap- 
pears to have any scientific value is the relation between the 
modification of a physical feature (erect fins) and a senti- 
ment. Here the hypothetical commentator speaks of "anger," 
but it could just as well be fear, surprise, astonishment. Physi- 
ologically, sentiments or emotions express themselves by glan- 
dular and secretory modifications, vasomotor disturbances 
(paleness, blushing), pilomotor disturbances (hence the ex- 
pression "his hair stood on end"); but in this case, in the 
absence of hair, it is the fins that are erected. All the rest 
is but a kind of invention, similar to those of Bernardin de 
Saint-Pierre. 

If there is any explanation we can give, it is perhaps one 
of a physical order: the fish returns to the center of emission 
of the train of vibrations that have disturbed it; it is better, 



11 Uncompromising supporters of "behaviorism" reject such verbs as "to 
see," "to hear/' "to smell"; they speak of photoreception, audioreception, 
chemoreception, animal reactions to physical modifications of matter which 
exclude interpretations. 
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however, to admit our present Ignorance rather than to bulk 
pseudoscientific and fictional explanations. 

I have myself, In other works, fallen into the very erro- 
that I am here condemning, going as far as explaining tha 
It was perhaps because 'love is stronger than death" tha 
the unharmed member of a pair of bass allowed the huntei 
to Impale it without any attempt at flight, after its partnei 
(the male? the female?) had been transfixed at its side. Mec 
culpa, mea maxima culpa! 

In reality, there is no scientific justification for regarding 
animal psychology as an inferior substitute, a degraded ver 
sion of human psychology. Nothing, except perhaps the must) 
smell of a sometimes rather puerile Darwinism. 

When studying the behavior of fish, one must always beai 
In mind the fact that "it is not experimentation, but nature 
which enables us to acquire an understanding of the true 
richness and diversity of dynamic qualities and properties" 
(Buytendjik); hence the value of direct submarine observa- 
tion. 

The laboratory can provide us with information about the 
most interesting function of the lateral line, the physical 
characteristics of the swim bladder, or the meteorological in- 
fluences that bear upon egg-laying and spawning. Nature 
alone provides a true synthesis of those functions; life is a 
polyvalent element, whose multiple origins are difficult to 
isolate; in order to read correctly a sentence o this magnifi- 
cent history, one must know the full context. 

All knowledge, even scientific knowledge, begins with a 
description of the known facts, but in this connection, one 
must distinguish immediately the inborn action from, that 
which is acquired. For example, all underwater hunters have 
been intrigued by the disappearance from the submarine 
scene of the blacktail (Sargus sargus or rondeletii); all those 
of decent size, weighing more than about two pounds, seemed 
to have vanished as by magic from a region In which, to all 
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appearances, there was no place for them to hide (the few 
existing rocks leave only a narrow passage two to three inches 
deep, above the sea floor, which the blacktail, flattened as 
it is in the shape of a vertical plate, eight to ten inches high, 
is obviously unable to enter by means of its normal mode 
of progression in the sagittal plane). Then one day it was 
discovered that the nsh entered the shelter by turning so 
that it was lying flat against the bottom (like a plate resting 
on a table), and, once inside, remained "flat on its belly/' 
its back against the roof of the cavern. This made it impos- 
sible for the hunter to see it, or even if he did, to shoot it, 
since its exceedingly thin cross section made a merely ridicu- 
lous target. The blacktaiFs behavior is thus rather like that 
of a burglar who, surprised in the act, slips under the bed 
and lies flat. 

Can one say that this is proof that the blacktail possesses 
intelligence? Certainly not. 

The blacktail has not invented anything, nor has it carried 
out any deductions; it just follows out an inborn pattern of 
behavior, a tropism. We have here a form of instinctive be- 
havior, whose adaptation to undifferentiated situations in 
this case all kinds of danger is remarkable only for its regu- 
larity, which can be explained, in a representative fashion, 
by a mechanical schema (Buy tend jik). All startled burglars 
would not seek refuge under the bed; some would leave via 
the window, others would seek shelter in the first handy cup- 
board, while yet others would face the danger. Finding them- 
selves near a rock disposed as we have seen, all blacktails 
would slip underneath. 

How has this instinctive behavior been brought about? In 
the case we gave as an example, an external factor was re- 
quiredin the circumstances, the underwater hunter which 
simply represents an alien and suspicious element, a danger. 
An internal factor is then necessary (here it is fear), a factor 
that sensitizes the animal to the external stimulus (danger), 
mobilizes a response (flight, slipping into the narrow crevice) 
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and moreover, leads to a persistence of the action accom- 
plished (at the next alert). 

The crux of the matter, however, is the following: one 
can admit the cycle "danger-fear-muscular reaction-flight- 
search for shelter," but it is the behavior, apparently intelli- 
gent, involved in the acrobatic twisting and slipping that has 
still to be elucidated. A stupid blacktail might remain baffled 
and vulnerable, finally being harpooned right in front of a 
shelter that it did not even try to enter, because the hori- 
zontal disposition of the crevice seemed to make it impossible 
for a creature of its height to get inside. Can one say, if the 
fish wriggles and hides as we have seen, that this behavior 
is the result of an ancestral "memory" that has been trans- 
mitted to it? 

We should have to examine all the various theories of in- 
stinct if we wanted to embark on a discussion as to whether 
the blacktail's behavior is a "fixation of hereditary habits," 
a kind of degenerated intelligence, the transmission of a 
"predisposition of the species" (Burloud), or an action dic- 
tated by "prenatal images" (Gordier-Goni). We will not ven- 
ture into such a discussion here. 

Let us now consider another kind of fish behavior. The 
reader has seen that, when they first started practicing their 
sport, the underwater hunters did not need to exert them- 
selves unduly in order to make sensational hauls. The fish, 
swimming around in the open sea with an. almost complete 
absence of mistrust, allowed the hunter to approach very 
close, if indeed they did not themselves come to have a better 
look at this strange webbed and helmeted animal, and the 
next moment they found themselves neatly impaled. Quite 
quickly, however, they became first suspicious, then mis- 
trustful, and finally afraid of the hunters, and from that 
time on, a good deal of luck was needed for the latter to be 
able to approach and then to kill a traveling fish. The hunter, 
therefore, started diving, visiting the rocks, where he pro- 
ceeded to run to earth and to trap in their hide-outs, their 
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stone houses, the more sedentary fish (blacktail, moray, 
grouper, rascasse, etc.). He had a good time once more, but 
again It was not long before fresh reactions on the part of 
the aquatic world compelled the enthusiasts of the harpoon 
to dive ever deeper and deeper, in order to find the game, 
which became more and more retiring. Inevitably, the day 
at last arrived when most of the accessible shore was deserted 
by its old inhabitants. The rock holes, the cracks of the cliffs, 
the caverns hollowed out of blocks of stone, remained sadly 
devoid of their erstwhile occupants. What had happened? 

Had the sea, the immense sea, the infinite reservoir of life, 
been divested of its Inhabitants? Had the ravages caused by 
our hunting friends been such that there remained, beneath 
the waters, nothing but a deserted battlefield, where not even 
the corpses of the slain could be found? No, all that had hap- 
pened was this: To such an extent had the fish been harried 
in their retreats, disturbed by divers in search of easily acces- 
sible prey, pursued, shot at, missed, watched, wounded, 
scared, that they had had enough of it. They had abandoned 
their usual coastal haunts, where at a depth of only fifty feet 
the divers were able to pursue and kill them. They had sim- 
ply emigrated lower down, gone deeper, and, from beneath 
a protective barrier of sixty to seventy feet of friendly water, 
they watched unperturbed the antics of the vexed harpooners, 
who were powerless to harm them at such a depth (diving 
suits being forbidden to underwater hunters). 

Is this then a case of intelligence? No, not yet; simply 
acquired behavior and learning. We use the word "learning" 
advisedly, since to reach that stage it had required years, a 
thousand dives by marauding hunters, countless dead and 
wounded fish, a veritable sea of troubles. The fish were finally 
reacting to a thousand stimuli, which could have been ap- 
plied by a zoopsychologist, who, having at his disposal a 
team of hunters, had directed them, for experimental reasons, 
to track down the animals without respite, in order to study 
their behavior. These denizens of the sea, then, had behaved 
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no differently from those fresh-water fishes, Reeve's dace, 
which, after four hundred to nine hundred trials, were finally 
able to make the correct responses (in order to obtain food) 
to the appropriate one of a dozen different shades of yellow, 
this color being easily perceived by them. Like Hinkiewiez's 
rainbow wrasse (Formation des habitudes chez les poissons) 
or Dr. Oxner's combers (1910-1914), which learned to distin- 
guish the yellow box containing food from the empty green 
one, they showed that it is possible to educate the fishes' 
memory, to create in them habits, whose persistence some- 
times makes their subsequent obliteration difficult. This can 
certainly be called learning behavior that has been acquired 
through experience but not intelligence. 

Now, though it is not too difficult to accept the possibility 
of a group of coastal fish, faced with a new kind of danger, 
learning how to behave so as to avoid it, how are we to ex- 
plain the persistence of this acquired behavior in the follow- 
ing generations, which, like their elders, continue to forsake 
their normal habitat? Simply by the play of hereditary char- 
acteristics acquired in the same way as that which renders 
the present generations of barnyard fowls indisposed to allow 
cars to run them over any longer, while their ancestors of 
1900 to 1910 paid a heavy tribute to the expansion of the 
successors of the horseless carriage. Caution, the notion of 
danger, the technique of dodging, painfully acquired by the 
great-grandparent chickens in the early i goo's, have been trans- 
mitted intact to the great-grandchildren of the 1950*5. Cocks 
and hens have now forsaken the main roads, just as the 
groupers of 1953 have abandoned, through the hereditary 
imitation of their ancestors, those of their caverns that were 
too much exposed to the depredations of the underwater 
hunters. 

Here now is a fact of which the explanation is more com- 
plex. During the Occupation, underwater hunting had taken 
on a character which was as much alimentative as sporting, 
The harpoon brought to the divers' stomachs a strengthening 
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manna that their ludicrous ration book denied them, and 
for which their organisms clamored, all the more in that 
enormous demands were made upon them in order to accom- 
plish their rather exhausting exploits. 

Already the depopulation of the coastal zone, visited quite 
understandably by hundreds of famished young men, who 
were thinking more of fried fish than of records, was becom- 
ing apparent. 

With one of our friends, mounted on a light motorcycle 
(a rare luxury at that time), we scoured the coast, trying to 
discover unexplored corners well stocked with game. One 
day, having entered the water from the rocks that border the 
main road near the village of Issambres, we encountered, 
three hundred yards from the village, a shallow submarine 
plateau, which seemed to us to be a veritable piscatorial para- 
dise. Wandering about leisurely, without a sign of fear, were 
mullet of impressive size; some morays, caught by surprise 
out of their holes, undulated toward their retreats; the silvery 
flashes of blacktails were sparkling under nearly every rock, 
easily accessible; superb corbs with their bronze and gold sails 
strutted about in family groups in front of the wide and 
dark entrances to their caverns. Had we not been so hungry, 
we could have indulged in free fights with groupers of sub- 
stantial proportions, which watched us go by, flapping the 
water with their pelvic fins, ready to return to the shelter of 
their rocks in easily reached depths of twenty to forty feet. 

Our excitement was at its maximum. In one hour we had 
garnered a magnificent harvest, and when we returned to the 
shore, our fish hanger was heavy with easily acquired booty. 
How many fishes did we have to our credit? Ten, twelve each, 
and all of a respectable weight. We could not cease congratu- 
lating ourselves and commenting on our hunting expedition. 
"Just as before . . . they can be impaled just as before!" We 
could hardly spare the time to swallow more than a few 
raouthluls; we were too excited, and we had decided to ex- 
plore fully this magnificent shooting range. We had reserved 
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a room and could remain as long as necessary; how we 
yearned for all those slim or bulky, those pearly or bronze- 
colored bodies, all those fishes! 

It was three in the afternoon when we entered the water 
again; we emerged at half-past five. This time we were richer 
by no more than seven fishes, and this only by dint of exer- 
cising all our wiles. The night was nevertheless filled with 
aquatic dreams, and the next day, still just as enthusiastic, we 
hurried along to our ichthyological Eden. Alas! Despite all 
our efforts, we succeeded in catching only three individuals. 
In the afternoon we returned, stubbornly refusing to admit 
defeat; this time dusk obliged us to leave the water empty 
handed. 

The brutal fact was there: in forty-eight hours, after only 
four contacts with humans, a mass of fishes of very diverse 
species, careless and without any mistrust, had become almost 
completely unapproachable by two underwater hunters, ex- 
perienced ones at that. 

Confronted by a sudden volte-face of this kind, we can no 
longer talk about "learning" and we seemed to be compelled 
to admit that the acquired behavior was this time really 
"Intelligent." How had it become established, though? It is 
conceivable that, in a group of mullet, an attack upon one of 
them, resulting in its capture, might have created in the re- 
mainder a strong impression sufficiently evocative for the 
reappearance of the "releasing" element (the underwater 
hunter), even if it did not cause the whole group actually to 
re-evoke the scene (which would presuppose a representation, 
therefore a thought) at least to establish the classical couple 
of the zoopsychologists, the stimulus-response; here the stim- 
ulus: "mullet-killing hunter" would bring about the re- 
sponse: "flight." 

Such an association is evidently conceivable in the case of 
a group that has witnessed the murder of one of them. Can 
we conceive, however, that all the fishes in that particular 
expanse of water could suddenly react in the same way? 
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There were only two of us. There must have been, at the 
lowest estimate, in the main mass of the waters and in the 
hide-outs of that submarine plateau, one to two thousand 
fishes. How do we explain the fact that this multitude, out 

of which only a handful could have witnessed the attacks 
'-i^ - - - - - ~~ = ~ 

of contact with us, was nevertheless avoiding us, obviously 
mistrusted us, and that automatically? 

If we consider the physiology of a fish, as revealed by lab- 
oratory experiments, we note that this, the most primitive of 
the vertebrates, has a small brain, of which the olfactory 
lobes constitute the main bulk, olfactory organs (nasal fossae 
lined with ciliated cells), organs of taste (intra- and peribuccal 
organs with cells furnished with hairs), auditory organs (with 
a utricle, a saccule and three semicircular canals, like us), or- 
gans of vision (with a cornea and a crystalline lens), and a 
lateral line, which is a special sensory organ. Very numerous 
researches (Parker, Reeves, Roule, Buytendjik, Braddock) 
have shown that, in surface fishes, sight is the predominating 
sense. It is sight that orientates the animal toward the stimu- 
lating object, while it is the sense of smell that plays the same 
role in fish that dwell in deeper water. Thus the bass depends 
on its eyes for the muscular coordination necessary to detect 
a prey, to swim toward it, and to pursue it. A grouper, on 
the other hand, rapidly orientates itself toward a bait owing 
to its sense of smell, but it would remain indifferent to that 
prey if its olfactory nerves were cut. Lastly, the final act of 
seizing and swallowing would be controlled by the sense of 
taste. On the subject of this gustatory sensitiveness of fish, 
some authors give such precise facts that one wonders how 
they have been obtained: Krinner, for instance, states that a 
minnow is 184 times more sensitive than man to salt and 500 
times more sensitive to sugar. 

There remains the sense of hearing. It is an established fact 
that fish react to sound, but do they perceive it as a noise 
or as tactile vibrations, and do they distinguish the type of 
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sound? It is impossible to answer this question, all the more 
so in that the organ that is peculiar to fish, the lateral line, 
complicates the question further. It seems likely that the 
tonal quality is not perceived, but how can we be sure? For 
our part, we have noticed that it is neither the amplitude nor 
the quality nor the pitch o the sound that frightens the fish, 
but its suddenness. 

Let us take up the problem again. A new element in their 
marine universe, the diving hunter, having proved by his 
actionslimited to a certain small area that he is dangerous, 
all the fishes in a given zone prudently keep away from him. 
How can this unanimity have become established? 

The bony fishes have good sight, and the reader may even 
be astonished to learn that they have excellent color vision, 
an attribute that is lacking in many animals situated higher 
in the scale of the vertebrates, such as, for example, the dog. 
Is it then through sight that the alarm has been transmitted? 
We can assert positively that this is impossible. Out of the 
two thousand fishes, fifty, a hundred at most, might have 
"seen" the drama that may have conditioned their subsequent 
behavior. The species that were on the far side of the reef, 
two hundred yards away, behaved, however, just like the 
eyewitnesses. 

Through the sense of smell? One must admit that the 
arrival of the hunter in the submarine realm is not a purely 
physical phenomenon like the immersion of an anchor or a 
rock, and that there may be emanations that could be per- 
ceived by highly sensitive olfactory lobes. Very well. Suppose 
the underwater hunter has entered the sea just to have a look 
round. His "emanations" remain the same as if he had pur- 
sued and killed but despite that, the fishes pay little or no 
attention to him. All right, one can still say "emanations 
of the underwater hunter" plus "emanations of the wounded 
fish" equal, when combined, an olfactory stimulus that is 
linked with a danger to be avoided. That is conceivable; but 
then what an immense range of diffusion such emanations 
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would have to have, what extreme radarlike sensitiveness 
would the olfactory lobes of the fish have to possess, particu- 
larly in the case of those fish that were "upstream" in the 
submarine currents! 

Through the sense of hearing? It is certain that the pro- 
gression of the underwater hunter through the water repre- 
sents for the fish a well demarcated group of auditory sensa- 
tions. It is no less certain that a wounded fish emits a series 
of special and characteristic vibrations (Hass states that it is 
the perception of such vibrations that warns sharks over a 
long distance, in tropical waters, when a potential victim is 
in difficulty). Let us finally recall that sounds are transmitted 
in water at an average speed of nearly five thousand feet per 
second, since the foregoing facts may cause some of us to 
think that it is perhaps the auditory explanation (the sen- 
sorial participation of the lateral line remaining rather am- 
bigous) that is the true one. Personally, this explanation does 
not satisfy us. Sight, smell, sound, all those things probably 
concur in the avoidance of the danger that has occurred, but 
the instantaneity of the response to this stimulus is difficult 
to understand. Everything happens as if, from mouth to oper- 
culum, the fishes had warned one another informed one 
another as if, in fact, they possessed a language. In this sub- 
marine village, large in extent though clearly circumscribed, 
since it is surrounded by deep water, it seemed for all the 
world as if the fish-villagers had barricaded themselves in 
their homes at our approach, after passing the word round 
to be exceedingly prudent. "Beware, those men with guns are 
coming again!" 

A language among the fish? Nowadays, everyone is aware 
of the unanimous conclusions of the zoopsychologists. Even 
among the higher vertebrates, even in chimpanzees, there 
is no true language. From this absence of true language fol- 
low most of the distinctions between man, who possesses 
one, and the animals, which do not. Language involves ab- 
stract symbolic concepts; talk is a fundamental social activity 



106 * THE WORLD BENEATH THE WAVES 

(P. Janet). The gossiping in the concierge's flat, the palavers 
of primitive tribes, however futile they may be, have a spe- 
cific human significance. It is preposterous, though, to sup- 
pose that fish, which are but primitive vertebrates, enjoy 
that attribute of language that the chimpanzee, which, after 
man, is the most highly evolved of the mammals, comi'ng 
as he does immediately below Homo sapiens, does not possess. 
One can imagine something else: a sort of visual or sign 
language expressing the inner "thoughts'* of the animal, en- 
abling it to communicate an appeal, a warning, or a feeling 
of pleasure, through simple physiological modifications. The 
subject matter of such a communication would thus, of 
course, be accessible only to the initiated, to those who pos- 
sessed the key of this code, which code can be compared to 
that used by "mind readers" in full view of a public for 
whom the signs exchanged remain esoteric. I will try to make 
myself clear: If you arrive in a country village and find that 
the farmers, agricultural laborers, dairymaids, and children 
are all obviously in their Sunday clothes, you know, without 
any question, from these visual clues alone, that it is a fete 
day or a Sunday. There is no need for anybody to say a 
word about it to you: the special livery, the morphological 
change has been enough. If you see, on some town esplanade, 
a troop of infantry march past, boots well polished, leather 
equipment burnished, rifles at the slope, the barrels pointing 
skyward, none of you are likely to mistake the character of 
the event: it is a parade, a military display. Now let us imag- 
ine that such a regiment is attending a funeral; without even 
taking into account the change in their general demeanor 
or the slower pace at which they march, the simple fact of 
the changed position of the rifle, the butt held close under 
the armpit and the barrel pointing toward the ground as a 
sign of mourning, will be sufficient : you understand at once 
that this is a funeral march. The symbol will be patent, 
obvious; in itself alone, it changes the meaning of everything, 
its mere presence makes everything clear to you. To your 
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experienced eyes, those soldiers, who are similar in their 
general morphology (the military uniform), their coordinated 
movements contributing to the same result (marching), are 
nevertheless able to indicate by one detail only (the position 
of the rifle) the nature of the collective sentiment that ani- 
mates them, the emotional color of their activity. That is 
enough: you take off your hat in order to participate in the 
mourning. In both cases, however, what would an Eskimo, 
a Papuan, or a pigmy have understood? That a body of armed 
men were marching past, no more; they do not know our 
code, and it means nothing to them. 

Can we not suppose that a group of fish that have just 
witnessed the murder of one of them by a dangerous irrup- 
tive element displays some physical sign which, though in- 
comprehensible for us, is highly evocative for the other in- 
habitants of the seasa sign equivalent to the rifle with butt 
downward or butt upward? As a result of the metamorphosis 
spreading from one group to the other, the whole population 
of a certain region is thus alerted, without the necessity of 
language as ordinarily understood. We will return to this 
hypothesis later on when we come to talk about the "hunting 
signs/' The more we have roamed the seas in close contact 
with the fishes, the more this supposition has taken shape. 

We know quite well, on land, that it is unwise to approach 
a dog that shows its fangs; such an attitude means that he 
is going to bite, while one that dolefully tucks his tail be- 
tween his legs is in the grip of fear. We have learned by 
experience that when a cat's hair stands on end and its back 
is arched, it is about to leap forward, and that a horse that 
flattens his ears is afraid, while if he is surprised or anxious 
he holds them upright. We know that a peacock that spreads 
its tail is in an amorous mood, and that when a turkey is in 
the same state its erectile caruncles become suffused with 
blood. Dogs, horses, peahens, and turkey hens, however, know 
as much as we do about the behavior of their congeners. 
Can we not imagine that among fishes an attitude, such as, 
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for example, a simple modification o their manner of swim- 
ming (like the man who walks on tiptoe, indicating a desire 
not to make any noise) could signify latent, serious danger? 
The state of general anxiety that had thus been created would 
then be crystallized, as It were, by the appearance of the 
hunter, becoming a top priority state of emergency. So far, 
we have imagined only the existence of some kind of sign, 
completely foreign and meaningless to us but highly signifi- 
cant for the initiated. What if all that was needed were a 
mass impression, a total response, on the part of an organism 
already in a state of vigilance, when the alien element enters 
its domain? This would imply a kind of emotional language 
involving the entire organism ('In the last resort, the germ 
of any language, its kernel, is the question which one indi- 
vidual asks of another or of the whole body of its fellow- 
beings"). The answer is then immediately perceived by senses 
rendered acutely receptive by the serious or dangerous condi- 
tions that prevail. 

We witnessed in person, before the last war, the bird-man 
Clem Sohn make his last tragic dive from the heights of the 
sky to the earth below. Right up until the last moment, 
the onlookers hoped and prayed with all their hearts that the 
parachute would open, and when the bird-man, plunging 
Into the grass, dug his own grave with his own body, there 
was an absolutely unique moment of palpable, tangible, 
silent stupefaction. Of the immense crowd that thronged the 
shooting range at Vincennes, an enormous proportion had 
not actually "seen" the dreadful accident. There was no cry, 
there was no collective hysteria. No. It was enough for each 
individual to look at his neighbor to receive, as if to a ques- 
tion tacitly asked, a wordless reply. Each person communi- 
cated to the one next to him the knowledge that an ex- 
traordinary event of an emotionally serious kind has just 
occurred. In a few seconds everyone was ready to go home; 
cars were starting, cyclists were in the saddle. . . . Without 
pushing, without clamor, the immense crowd were leaving 



CONTRIBUTION TO SUBMARINE KNOWLEDGE log 

the tragic spot, before the end of the fete, as if actuated by 
one impulse, one collective thought to flee from an unbear- 
able sight. 

We are quite aware of the fact that our hypothesis and 
we are straying from the line of policy that we defined at 
the outset does not rest on any scientific fact. We are not, 
however, experts, and we leave to the zoopsychologists the 
task of verifying the matter by means of tests and experi- 
ments. We regard this hypothesis as a point of departure. 

Another spectacle that one sometimes contemplates with 
astonishment in the midst of the silent waters could also be 
explained by this same supposition. The regular users of the 
underwater gun have often been in a position to witness the 
very close association of certain normally antagonistic ani- 
mals, such as the dentex and the blacktail. The dentex, a 
redoubtable carnivore that may weigh as much as thirty to 
fifty pounds and is extremely voracious, has a favorite quarry: 
the blacktail, an inoffensive sparid, that grazes on the sea 
wrack with malice toward none. Despite that, we have more 
than once found ourselves, in August particularly, while in 
Corsican waters, confronted by the strange spectacle of num- 
bers of majestic dentex patrolling leisurely in the middle of 
a crowd of almost indifferent blacktails, which were swallow- 
ing, with hasty bites, the remains of some sea urchins, while 
their small round eyes switched rapidly from the attractive 
food to the hereditary enemy with whom they were swim- 
ming practically fin to fin. In the face of this born adversary, 
they were not fleeing, while the dentex, surrounded by their 
favorite game, were not in hot pursuit. All the usual values 
seemed reversed. Imagine a family of foxes doing the farmer's 
round for him in a well-stocked hen house! Elsewhere, in 
the Red Sea, I have seen sharks ten feet long which prob- 
ably required a large and continual supply of fresh meat 
literally swim through shoals of fishes without showing any 
sign of aggressiveness. And we must stress the fact that the 
fish were tempting prey of a sort that is particularly appre- 
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elated by sharks: agile bonitos, plump horse mackerel, pela- 
rnyds, appetizing jacks, and not the unsavory species despised 
by the tigers of the sea, like chaetodons, parrot fishes, or box 

fishes. 

Divers who are familiar with tropical waters know well 
enough how to recognize whether the shark is hunting or 
not; neither are the fish ignorant of this: when sharks are 
peacefully taking their ease, there is a certain laziness about 
the motions of the fins, and an undulation of the body, which 
describes a series of S-shapes, the head and tail following two 
different curves. When hunting, there is a tenser look about 
the way the shark swims: It appears straighter, and its move- 
ments are of a vibratory character; it no longer undulates. 
In addition, there is no doubt that other signs are present, 
which our eyes cannot appreciate, but which announce the 
forthcoming hostilities. Whether dentex or sharks, then, we 
can conceive that the "initiated" can read the writing on the 
wall. Would this writing, if we could translate its esoteric 
symbols, say something like "Peaceful citizens, prepare to 
fly! But if the enemy draw not too near, let us seize the 
opportunity of taking another bite of this delicious seaweed, 
let us savor yet once more this succulent annelid." Pedestrians 
and motorists on the roads have similar murderous en- 
counters. The former are not so stupid as to go and throw 
themselves under the death-dealing wheels . . . no. They 
obey the red light. 

4. Conclusions 

We have on occasion, when at depths of about twenty or 
twenty-five feet, cautiously poked our head into rock crevices 
and observed the panic that has seized the trapped inhabit- 
ants. The flash and glitter of their scales appear, first on the 
right, then on the left. We were able to follow, as it moved 
rapidly hither and thither, the small round eye, anxious and 
black, which seemed, in truth, to be the outward and visible 
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sign of an inward and mental turmoil. Shall I flee? Where? 
This way or that way? What is going to happen to me? What 
Is this new danger? Incorrigible, we proceeded to extrapolate, 
to indulge in anthropomorphical analogy. That frightened 
eye fixed upon us seemed to us to be proof of an attentive 
consciousness, it appeared to us to show that "hesitating as- 
pect of the behavior that accompanies psychological inde- 
cision/' proving, according to Tollman, that our fish was 
accomplishing mentally a certain action; that is to say, that it 
was "thinking." We knew, however, that we were wrong, and 
that there was nothing else behind that panic but a sterile 
agitation without any more intelligent constructiveness than 
the animated wriggling of worms on humus or the sudden 
buzzing take-off of a swarm of flies, disturbed in the middle 
of a putrid banquet. In the scale of animal behavior, the 
fishes, inferior vertebrates primitive ones even have not at- 
tained to a very high level. The study of their activities in 
vivo is only at its beginnings. We are very much afraid that 
it will show no more than an egocentricity of species. No 
matter how interesting or novel the situations in which they 
find themselves, the life of the fish appears to be centered 
around the immediateness of the present sensations. Search 
for food, flight before danger, the instinct of self-preservation 
their entire behavior is dictated by the interest of the spe- 
cies. If we admit that emotional behavior is inborn, that it 
resides in visceral, circulatory, or glandular organic activity 
(emotion is accompanied by blushing, sadness by tears, terror 
by erection of the hair), we can conceive that the fish is 
capable of emotion when we see the bass, barely missed by 
a harpoon, return to its assailant, its dorsal fins erected like 
the hair of an angry cat. If we remark that the fish approaches 
the naked and unarmed diver but remains at a prudent dis- 
tance from the hunter who holds a gun, we may conclude 
that this animal, which is able to perceive differentiated ob- 
jects, is probably capable of "creating" a new form of be- 
havior, of making new responses to unusual stimuli, which 
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are the characteristics of true intelligence. Nevertheless, the 
reader may still feel that we are once more making infer- 
ences and expressing unproved opinions if we say that they 
have no aim except that of their own preservation, no possi- 
bility of taking an objective view of the world, as we are 
compelled to admit that we have no means of knowing if 
they have even the consciousness of an aim. 

There is no true language among fish any more than there 
is among other animals. Possibly they may possess the power 
of warning one another, of communicating, by a sort of per- 
turbation that is transmitted from one to the other, a latent 
fear, or the news of a happy event, such as the massive arrival 
of food. Such a phenomenon, however, as this intercommuni- 
cation between the individuals of a group, this attempt at 
dialectical contact, remains inside the field of essential vital 
activities. Owing to the nature of his mind, to the use he 
makes of the complex means of communication that is his 
speech, man, transcending the realm of pure activity, has 
attained to abstraction. Even if man and the fishes both have 
a language, whose structure is absolutely different, the fishes 
remain prisoners of the cycle: eating, fighting for existence, 
procreating. Man has broken out of the prison of his fun- 
damental instincts, he has risen to a higher plane on which 
are found such things as sentiments, emotions, sacrifices. 
Thus we see the triumph of the humanists, who repeat with 
Claudel that "the animal is built to find itself at home in a 
given environment," while man, who is "a being ahead of 
himself/' was born to "find himself at home everywhere/' 

Finally, one last problem, that of feelings and emotions. 
Does the fish that twists around on the murderous arrow 
suffer? When you suddenly dispossess a female of her young 
one, does her eye look at you with poignant reproach? Can 
one read icy viciousness in the eyes of the shark, perfidy in 
those of the moray? There is no answer to these questions: 
the true nature of animals' emotions remains an equation 
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without a solution, a vast unilluminated territory on which 
man's curiosity is powerless to throw any light. We must be 
honest and emphasize that in the present state of our knowl- 
edge the problem o mind and consciousness in animals must 
be excluded from any really scientific study. 



CHAPTER 



Submarine Exploration with. 
Apparatus 



1. Physiology 

WHEN HE IMMERSES HIMSELF, without special breathing appa- 
ratus, in an aquatic universe in which he is unable to survive, 
man can ask of his organism only a very limited incursion. 
On land, if he plunges his head into a tub of water, he can 
easily hold his breath for a period up to or perhaps exceed- 
ing a minute, but in such circumstances he is mentally re- 
laxed, free from that anxiety which is inseparable from div- 
ing without apparatus, anxiety resulting from the fear of 
asphyxia and the apprehension of risks, both of a physiolog- 
ical nature and due to environmental factors. Furthermore, 
when his head is in the tub, he does not put forth any mus- 
cular effort such as would require a large extra supply of 
oxygen. 

When he indulges in underwater hunting, whose rules 
forbid "any breathing apparatus in deep dive,'* he will have 
difficulty in holding his breath, on an average, for more than 
forty to fifty seconds. It is therefore easy to understand that 
the depths reached do not exceed forty, forty-fxve, or fifty 
114 
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feet. There are, of course, phenomenal individuals, like the 
late Eonnet, Girard, de Francesco, or Portelatine, who are 
able to reach sixty feet without undue effort. There are also 
the native sponge and pearl fishermen who frequently dive 
to sixty-five or seventy feet. Conditions are, however, quite 
different in their case. In the first place their training is 
exceptional, since their dives are part of a profession they 
practice from one year's end to another. Secondly, they are 
weighted down during the descent with a stone, so that they 
literally fall through the water, the stone being connected 
to the boat by a rope. They let it go once they have reached 
the bottom, quickly gather up their booty, and grip the rope, 
giving it a tug as a signal for those above to pull them up. 
All this has little in common with our free dives as under- 
water hunters, accomplished only during the warm summer 
season, without any kind of assistance. 

Recently, while I was traveling in Italy, I heard the presi- 
dents of various clubs refer casually to dives of sixty feet, 
as if they were everyday accomplishments. That remains 
to be seen! All the same the extraordinary performance of 
the Italian hunter Raimondo Bucher, a performance checked 
by the Federation de Peche Sportive, has brought the record 
for free diving in apnea to 129 feet, an almost unbelievable 
depth. It is hardly necessary to add that Bucher uses the little 
"trick" of the nose clip, which is retained in position even 
under the mask. The system has been adopted by most Italian 
divers. It was popularized in French diving circles by de 
Francesco and ourselves who, up until two years ago, used 
to dive wearing Fernez goggles and nose clip. The advan- 
tage is evident: as the diver goes deeper, the pressure on his 
body increases. The latter is incompressible, but it contains 
a number of hollow cavities. Where the lungs, which are en- 
closed in the supple thoracic cage, are concerned, it is not 
so bad, but when air at atmospheric pressure is retained 
enclosed in the bony cavities, the surrounding pressure, be- 
coming greater and greater, may cause serious damage. This 
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may be the case with respect to the frontal and maxillary 
sinuses, which are connected to the nasal fossae by the fronto- 
nasal and nasomaxillary ducts; the same is true for the middle 
ear, which is separated from the external ear by the tympanic 
membrane. The pressure exerted on the latter from the in- 
side is equal to one atmosphere (that of the atmospheric air 
which was present in the middle ear at the moment of de- 
parture), while on the external surface the pressure which 
is exerted is that of the surrounding water; at thirty-three 
feet that is equal to two atmospheres, at sixty-six feet to 
three, and so on. It is easy to imagine what must happen 
at a certain moment: the tympanic membrane will be per- 
forated, from without inward. The foregoing explains the 
violent sinus and ear pains that divers sometimes experience. 
If now, however, wearing a nose clip, the diver attempts, as 
it were, to blow the nose, he opens the Eustachian tubes 
and forces a certain volume of air (from that present in the 
lung-pharynx system) into the middle ear; by performing this 
maneuver a number of times, he is able to achieve a degree 
of compression of the air on the inner side of the tympanic 
membrane sufficient to balance the external pressure, which 
latter increases gradually during his descent. 

In order to lengthen the duration of the dive, the diver 
may also, immediately before entering the water, breathe in 
and out slowly and deeply a number of times. 1 By this 
means Hass, it is said, might have succeeded in remaining 
under water for four minutes. This method, however, is 
dangerous. The sensation of asphyxia the diver experiences 
after a period of breath-holding, and which in fact compels 
him to return to the surface, is not due to lack of oxygen, 
but to the increase of the amount of carbon dioxide in the 
blood. The respiratory center, which is situated in the brain, 

i It is often stated that by this means one "superoxygcnates" the respiratory 
center; one cannot, however, overload the organism with oxygen, and what 
really happens is that one frees it from carbon dioxide "deoxycarbonizes" it, 
if one may use such a term, thus enabling it to remain a longer time before 
the dissolved carbon dioxide reaches a level that is toxic. 
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is stimulated by the excess of carbon dioxide and reacts by 
creating that characteristic sensation of anguish, which very 
soon becomes intolerable. Some divers train themselves to 
educate their will power not to yield to this imperious physi- 
ological alert, and thereby succeed in remaining several min- 
utes under water. By decreasing artificially the amount of 
carbon dioxide contained in the blood, however, one in- 
creases the time required for the concentration of this sub- 
stance to rise once more to the critical level at which it 
stimulates the respiratory center; the latter is thus prevented 
from playing its delicate role of a very accurate detector, 
of carrying out its function of alarm bell. There is then no 
internal mechanism to warn the man who is on the verge 
of asphyxia due to serious oxygen lack, and when the initial 
effects of this condition make him realize the danger he is 
facing it is too late, and he no longer has time to return to 
the surface. 

The diver not only wants his organism to remain in its 
normal condition, without any disturbance or impairment 
of its functions, but in addition, if he is to be at his ease, 
able to work, and perhaps to carry out sustained scientific 
observations under the water, it is almost equally important 
that he should be free from any anxiety about respiration. 
Since the earliest times, the idea of an "apparatus for breath- 
ing in the water" has haunted the minds of inventors and 
of the more daring spirits. 

2. History of the Various Types of Diving Apparatus 

A. The "Diving-bell" Type 

Whether extremely simple or deplorably complicated, the 
tubes, bells, boxes, tanks, cauldrons, cylinders, corselets, etc., 
with which their inventors hoped to achieve miracles of un- 
derwater peregrination, are legion. It is perhaps a matter for 
regret that we cannot, for the sake of picturesqueness and 
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for the amusement of the reader, recount here all their vicis- 
situdes and misadventures. Objective but rapid historians, 
we must content ourselves with brief chronological notes; 
out of these, we hope, will emerge the evolution of the vari- 
ous conceptions, and from them will gradually appear the 
outline of a modern type of apparatus which, though it seems 
rational to us today, will be outmoded tomorrow. 




Fig. i. Vege tins' cowl 



In 1536, as the reader probably remembers, Vegetius de- 
scribed the hermetic leather cowl with horn goggles, which 
was attached to the belt and prolonged upward to the sur- 
face, where it communicated with a floating water skin filled 
with air (Fig. i). 

In 1538, in Toledo, two Greeks were lowered into the 
waters of the Tagus (where visibility was, however, poor) in 
front of the Emperor Charles V. The large crowd that had 
assembled saw them sit on a kind of bench placed across an 
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Inverted bronze tub. In their hands they held lighted candles. 
When they were brought up, after a lapse of time that seemed 
interminable to the frightened crowd who were crossing 
themselves (in actual fact the divers remained submerged for 
twenty minutes), their candles were still burning; the whole 
business was regarded as constituting a genuine miracle. 

In 1552, this time in Venice, two fishermen remained for 
two hours under water, inside a kind of bell ten feet wide. 
The Doge in person was present at this experiment. 




Fig. 2. The Cadaque"s bell (c. 1677) 

In 1588, near the reefs of the island of Mull off the Scottish 
coast, an attempt was made, in order to explore a wreck be- 
longing to the Spanish fleet of Philip II, to use a bell as 
described by Sir Francis Bacon. This bell was, in fact, only 
a reservoir of air that was lowered, suitably ballasted, in close 
proximity to an ordinary diver who, when he became short 
of breath, slipped quickly inside it to get a fresh supply and 
then returned to his work. 

The following devices remained at the theoretical stage, 
no practical attempts being made to use them: in 1609, 
Lorini's bell with portholes; in 1620, Father Schott's "aquatic 
corselet"; and in 1632, the innovations of Norwood in Eng- 
land and Sturmius in Germany. 
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In 1640, Jean Barrie de Pradine received a "privilege" 
from Ann of Austria authorizing him to carry out salvage 
operations on a ship sunk in the roadstead of Dieppe, but 
we are in ignorance of the kind of apparatus he used. 

In 1678, the "Catalan diving bell" functioned in the little 
port of Cadaques, not far from the Franco-Spanish frontier. 
Thirteen feet high, it enabled two Arab divers to get busy 
for an hour on a wreck stuffed with piastres. From time to 
time they returned under the bell, sat on a transverse bench, 
and replenished their lungs with air (Fig. 2). 

In 1682, the fabulous Sir William Phips, a blacksmith's 
son, succeeded, after numerous failures, in bringing up 
200,000 worth of gold from a galleon sunk off Haiti. The 
diving apparatus he used remains unknown, and malicious 
tongues had it that Phips was content simply with directing 
the search of native divers on a wreck that was lying in quite 
shallow water. 

In 1689, Denis Papin recommended that existing bells 
should be fitted with bellows fixed to the sides; the pres- 
sure of the surrounding water on these bellows would then, 
the inventor claimed, gradually cause more air to enter the 
bell during descent, at the same time tending to prevent the 
level of the water inside from rising. This invention, how- 
ever, did not get beyond the stage of a recommendation. 

In 1721, the astronomer Halley was not satisfied with 
merely theorizing. Though he was at the time sixty-five years 
of age, he succeeded in getting himself lowered to a depth 
of over sixty-five feet, where, with four volunteers, he re- 
mained for more than two hours. His method was extremely 
simple: a leather pipe long enough to reach the surface led 
into the interior of the bell. Assistants fitted it to the bung- 
hole of a cask weighted down with ballast and containing 
about 160 liters of air. The cask full of air was lowered until 
it was close to the bell, and the water, entering through a 
hole in the floor of the cask, gradually forced the contained 
air into the bell. ' 'Reloading' ' could be carried out indefi- 
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nltely according to need, each additional cask supplying a 
fresh 160 liters of air. 

In 1750, Spalding improved Halley's diving bell by adding 
a removable section which, when jettisoned, allowed the 
apparatus to be brought up to the surface, an appreciable 
safety measure. He also did away with the cast-iron cannon 
balls which served as ballast, using water for that purpose. 
In the course of a dive in Ireland, in 1783, Spalding met his 
death. He was the first victim of diving apparatus, but not, 
unfortunately, the last. 

B. The "Pneumatic Caisson' 3 Type 

In 1788, in order to carry out the underwater work neces- 
sary when laying the foundations of the famous Eddystone 
Lighthouse, situated on a notorious rock off Plymouth, a 
rock that has been responsible for dozens of wrecks, an Eng- 
lish engineer, Smeaton, conceived a new type of diving bell; 
made of cast iron, it presented a new and absolutely capital 
feature, one that was to lead to revolutionary developments 
in underwater operations: he kept it supplied with air by 
means of a pump which remained on the surface. 

In 1840, this type of bell, after undergoing numerous mod- 
ifications, for many of which General Paislay was responsible, 
developed further and lost its classical shape. From then on 
it was a massive cube of cast iron, a real chamber where, 
for hours or even whole days, the men employed in the con- 
struction of ports and canals could carry out their task. The 
bell became a "caisson," and it was soon found on every 
site where important work connected with port installations, 
docks, etc., was being done. It was not long before it was 
noticed that the men who worked inside these caissons tended 
to suffer from ill-defined sensations of discomfort and malaise, 
or to fall victims to strange, sometimes fatal, accidents. The 
list of the dead became steadily longer; one day it was an 
Austrian worker, another day a Polish one, whose names 
have not gone down to history; in 1850, eight divers engaged 
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in the salvage o a ship belonging to the West India Pacific 
Company were all killed together by the caisson, that 
strangely maleficent coffin. 

In 1844, in France, the good Dr. Payerne presented his 
hydrostat to the world. His contemporaries showered derision 
upon the inventor and his device, gloating over Its misad- 
ventures, but the event proved that it could function effi- 
ciently, and we owe to it, among other things, the clearing 
away from the port of Fecamp of the rocks and shingle that 
were blocking the fairway. The same inventor produced, in 
1846, a "diving boat," and in 1857 a submarine, the Pyro- 
scaphe, the successive failures of which inventions we are 
this time compelled to admit. 

In 1857, Samuel Hallet, with money provided by the Count 
of Rottermund, built a Nautilus, which, however, enjoyed 
but an ephemeral existence. 

From this time on, the pneumatic caisson, the outlines of 
which were already familiar, gradually became universally 
accepted; it was comfortable, well designed, and no longer 
murderous, as a result of the work published in 1870 by Paul 
Bert, a monumental study of fundamental importance to the 
whole question of the physiology of diving. The caisson has 
continued right up to the present day to prove its worth 
when submarine work of a kind requiring weeks or months 
has to be undertaken laying the foundations of piers or 
bridges, the cementing of dams and moles, and so on; in 
matters of this kind, the caisson has rendered services which, 
though perhaps not of a highly glamorous nature, are never- 
theless of outstanding importance to the world of subaquatic 
workers. Just the same, however, research on the question 
continued, and improvements and perfections of one kind 
or another are still forthcoming even today; we may men- 
tion here a comparatively recent feat, to wit the record- 
breaking dive to 540 feet made by the American Jack Brown 
in a hydropneumatic caisson, in which the nitrogen of the 
air was replaced by a light gas (hydrogen or helium). 
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C. The "Diving-suit" Type 

In 1609, "Lorini's trumpet" (Fig, 3) was very fully described 
by that author, but was It, in fact, ever used? A long leather 
tube, about thirty feet in length, of a diameter sufficiently 
large to permit the passage of a man, it was reinforced at 
intervals by metal hoops. At the bottom the pipe terminated 




Fig- 3- 

Lorini's 
trumpet 



in a suit with portholes and sleeves, into which the diver 
slipped. At the top the tube was in free communication with 
the air. Theoretically, the diver could see the sky by raising 
his head, and his legs were directly in contact with the water. 
We say theoretically, since it really seems that the inventor 
abandoned his invention while it was still in the experi- 
mental stage. It is rather amusing to note, however, that we 
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shall meet again, In the chapter devoted to underwater pho- 
tography and cinematography, essentially the same scheme, 
and the same principle, successfully applied by Williamson. 
This former journalist was personally responsible for the 
shooting of those pioneer underwater films that Hollywood 
gave to the world and which enjoyed a brief hour of fame 
immediately after the First World War; it was he who re- 
created on the screen Jules Verne's famous novels. 

In 1679, Father Borelli, in the cloistered quiet of his mo- 
nastic cell, was engaged in the unlikely pursuit of mastering 
the secrets of the depths. In his project, the head was enclosed 
in a water skin. A sufficiently elastic pipe (we must remember 
that rubber was still not in use) permitted the evacuation 
of the expired air via a tap. For his fresh air supply, Father 
Borelli provided his diver with a cylinder hooked onto his 
belt and containing and this was a completely new depar- 
ture, a truly original invention compressed air, which could 
be liberated on demand by means of a hand crank operating 
a rack and pinion. A curious and interesting detail is that 
the inventor endowed his diving suit with clawed flippers 
(we suppose it was to enable him to grip the rocks more 
easily), and we cannot help remarking however little prac- 
tical value such a contraption possessed that the garb de- 
scribed contained the germ of all those features that, three 
hundred years later, were to be found in the modern types 
of diving apparatus, the independent diving suit: the aboli- 
tion of the surface pipe, eviction of the expired air, com- 
pressed air on demand, flippers, autonomy. One cannot help 
wondering whether Father Borelli did not have, profession- 
ally, diving premonitions! 

In 1771, Freminet created the first true diving helmet. It 
was a veritable brass basin, with which the diver seems to have 
been somewhat unaesthetically capped; it had three facial 
portholes and a tube that led from the mouth into a "regen- 
erator," a kind of oval object, rather like a small iron Rugby 
football nine inches long, which the diver casually tucked 
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under one arm. Actually, there was nothing of a true regen- 
erator about it except the name. The pure air that it con- 
tained entered the mouth, while the vitiated air returned 
to it through a tube leading from the back of the helmet 
andin the mind of the inventor at least was forthwith 
"regenerated." The procedure could scarcely be described as 





Fig. 4. Freminet's two diving suits 

a scientific one. The air "stuck" to the walls of the regenerator 
as a result of the cold of the water, and left behind there 
those impurities that rendered it unfit for breathing at any 
rate that is what Freminet said! 

In 1776, the same inventor altered the position of the air 
reservoir, placing it this time on the diver's back. With this 
apparatus, which normally should rapidly have produced 
asphyxiation, Freminet is supposed to have remained under 
the waters of the Seine, at a depth of twenty feet, for half 
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an hour. Finally, with this "hydrostatergatical machine," he 
is supposed to have dived several times to depths of thirty 
to fifty feet in front of the harbor master of Le Havre, and 
in the port of Brest before numerous officials who are men- 
tioned by name. One certainly wonders how he did it! There 
would seem to be a deity who protects the inventors of 
diving suits! (Fig. 4) 




Fig. 5. Air supply o Forfait's diving suit 

In 1 774, the chronicles tell us that a certain Hauman had 
invented a diving machine, which a gentleman named Dahl- 
berg tested with great success under the eyes of the king of 
Sweden, in the lake of Warton. Dahlberg, we are told, per- 
formed evolutions under the water, covering a distance of 
one hundred feet, but the details of his diving suit are not 
recorded. 

In 1783, Pierre Forfait (who was to be naval minister un- 
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der the Consulate) devoted a great deal of thought to the 
problem of obtaining perfect vision under the water. He 
placed on the diver's shoulders a metal frame, which sup- 
ported a parabolic reflector furnished with three candles. 
The necessary air arrived from the surface through hollow 
wooden pipes. Nothing could be simpler than the device 
which was to enable the diver to steer himself: he wore on 
his back a gadget resembling a pair of wings, or rather dorsal 
fins, activated by ropes manipulated by the diver himself. 
The contraption, we must confess, was rather puerileeven 
for a future minister and the conception seems to us to be 
not overscientific, when we recall that Forfait was a naval 
engineer! (Figs. 5 and 6) 





Fig. 6. (left) Forfait's diving suit 
under water 



(right) Klingert's diving suit 



In 1796, in Germany, some spectacular dives took place 
in the Oder, performed by Heinrich Klingert, or to be exact 
by a certain Joachim using the diving suit invented by 
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Klingert: a monstrous iron cylinder fitted with two portholes, 
and from which led two pipes, sheathed the diver as far 
down as the stomach, the cylinder being covered by leather 
held firmly in place by rings. The diver resembled a big 
pudgy termite. The forearms, naked, emerged from the two 
sleeves, and they as well as the legs were encircled by metal 
rings in order to ensure watertightness. The air entered 
through one of the pipes, being pumped from the surface 
by a bellows, and left through the second pipe (Fig. 6). 

The apparatus, however, was clumsy and inconvenient in 
use. Klingert then invented a new type of diving apparatus. 
This time it consisted of a wooden cylinder about six feet 
high, each end terminating in a truncated cone. At the lower 
end, stones acted as ballast. Through the lower cone, a metal 




Fig. 7. Klingert's hydrostatic lift 
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cylinder containing a piston passed into the interior of the 
wooden one. The apparatus was immersed vertically, sup- 
ported by a derrick. As the submersion proceeded, the pres- 
sure of the water pushed the piston up the cylinder, thereby 
compressing the volume of the air above it, and the apparatus 
continued to descend. An external crank handle operating 
a worm screw geared to a rack on the axis of the piston made 
it possible to lower the piston in its cylinder; the water was 
then forced back, the volume of the air increased . . . and 
the apparatus ascended. The device was supported by a chain 
connected to the derrick, which was situated on a landing 
stage or a boat. The "trick" resided in the fact that the cyl- 
inder included a platform fixed onto its side. On it the diver 
took his stance wearing the original Klingert diving suit; a 
breathing pipe connected his mouth with the upper end of 
the cylinder, in which air was present all the time. The 
diver himself worked the handle. He went on compressing 
the air until the machine reached the required depth, and 
an absolutely capital innovation which ensured the safety of 
the dive he thus provided himself with air at a pressure 
corresponding to the depth reached. He could even descend 
to the sea bed, step out, and move around within the limit 
permitted by the length of the breathing pipe. The principle 
of breathing air at the same pressure as that of the surround- 
ing water at the depth reached by the diver was to become, 
many years later, that governing the use of all modern types 
of self-contained diving suits (Fig. 7). 

We will pass rapidly over Fullarton's egg (1805) (Fig. 8). 

Let us pause a moment to consider and have a good laugh 
about Drielberg's "Triton," which appeared in 1811. This 
original-minded inventor proposed that he should be lowered 
to the bottom of the sea seated on a veritable "throne," 
which bristled with spikes pointing in every direction, the 
purpose of which was to "defend him against malicious at- 
tacks." When the throne reached the bottom, the diver had 
merely to step down from it and pace the sea bed. His suit 
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Fig. 8. (left) Fullarton's "egg" 



(right) Drielberg's "throne" 



was a real carnival outfit a trumpery crown encircled his 
brow, while a wooden mask was closely applied to his mouth; 
inside the mask an ivory mouthpiece was clamped between 
the teeth. Two concentric pipes were connected to the in- 
terior of the mask (brass inside, leather outside). The eyes 
were left uncovered; on the nostrils was a nose clip. Fixed 
like a knapsack to his back the diver carried a reservoir of 
air surmounted by a bellows worked by a rigid bar, the latter 
being attached at the nape of the neck to the famous crown, 
so that by executing alternate movements of flexion and ex- 
tension of his head, the diver could operate the bellows. Via 
& side tube, a little air was supplied to a lantern held in the 
hand, while, as a final touch, each inspiration and expiration 
caused a whistle to blow "for the purpose of control" I The 
whole extraordinary contraption seemed to be the product 
3f the deranged mind of a lunatic, who, we must admit did 
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not forget the leaden circles on the ankles and the candle 
in the lantern! Just the same, the Triton was the first diving 
suit to incorporate a mouth mask and a nose clip, accessories 
that were to reappear in the most modern apparatus, in 1940 
and later. 

We are, however, at last getting closer to solutions of a 
rational kind, and the pace of development begins to accel- 
erate. 

In 1819, Augustus Siebe created his first detachable hel- 
met; if the pressure became too great, it was fitted with a 
safety valve which allowed some air to escape. A helmet of 
this shape and type was to reign supreme for fifty years, and 
to be incorporated into all the various kinds of diving suits 
that were to come. 

In 1827, Beaudouin gave the diver his first modern lines, 
equipping him with a brass helmet (still that helmet), a 
corselet or breastplate, and a reservoir of air strapped to 
the chest. 

In 1829, the English inventors James and Steel perfected 
the system. The safety valve .that allowed air to escape if the 
pressure became too high was still there, but an inner tube 
was provided to carry away the vitiated air. The reservoir 
strapped onto the chest contained air compressed at thirty 
atmospheres; the maximum period for a dive was one hour. 
Lastly, the lead ballast that hung from the reservoir could 
be jettisoned if required (Fig. 9). 

In 1830, a discovery of capital importance, that of rubber, 
was to open up immense possibilities. In actual fact, rubber 
had been introduced into Europe as early as 1740 by La 
Condamine, but the use of natural gum had shown itself 
to be fraught with too many practical disadvantages; in 1841, 
the American Goodyear discovered the process of vulcaniza- 
tion; henceforth the industrial applications of rubber thus 
modified became of prodigious interest, particularly for 
divers. 

In 1837, t ' ie improvements made by Augustus Siebe to his 
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Fig. 9. The James and Steel diving suit 

first apparatus completed the outline of the modern heavy 
diving suit as we know it today. 

The helmet was still made of brass and still detachable; 
it possessed three portholes, but was fixed to a watertight 
suit made of rubberized material. From then on and this 
was a highly important considerationthe diver was spared 
the suffering caused by cold, which at great depths can be 
as distressing as the anguish of asphyxia. The helmet included 
a mouthpiece with one valve for the admission of fresh air 
and another one for the evacuation of the vitiated air. The 
use of an internal telephone completely changed the moral 
climate in which the diver worked. No longer was he cut 
off from the world; advice, orders, and encouragement from 
above led him to consider himself as a rather specialized 
worker, but no more as a prisoner in a hostile world. Such a 
diving suit was to be adopted by the English and the French 
navies, and, in London, the venerable firm of Siebe, Gorman 
continues to build diving suits, even today. In France, as 
early as 1844, the diving suit was officially consecrated by 
the Academic des Sciences of Paris, which august assemblage 
offered the boldest of its members, Milne-Edwards, a diving 
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helmet in order that he might pursue his biological studies 
at the bottom of the sea. The intrepid Academician fairly 
took his colleagues' breath away by his incredible audacity: 
he reached a depth of nearly six feet with his feet his hel- 
met just breaking the surface! 





Fig. 10. (left) Taylor 's diving suit (right) Philip's diving suit 

He was nevertheless the first expert, the first biologist, to 
embark on a first-hand study of those forms of life on which 
he was supposed to be an authority. He paved the way for 
the scientific dives of such men as Pierre Drach who, a hun- 
dred years later, has on numerous occasions descended to 
130 feet. It was probably owing to Milne-Edwards' activities 
as a pioneer that Jules Verne chose him as the model on 
which he based his "respected master/' his Professor Aron- 
nax, the prisoner force majeure of the Nautilus and its com- 
mander, the famous Captain Nemo, that strange personage 
whose somber and mysterious destiny fascinated us as chil- 
dren. 

In 1855 came Cabirol (from Narbonne) whose chief merit 
it was that he made known, by skillful and untiring propa- 
ganda, the advantages of an apparatus of which he had, in 
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fact, Invented nothing, but whose every feature he had per- 
fected. The reservoir was done away with; the air was deliv- 
ered compressed at between three and seven atmospheres by 
a surface pump, through a pipe one hundred feet long, made 
of cloth and rubber reinforced with wire. The helmet still 




Fig. 11. CabiroFs diving suit 

remained the same, detachable and made of brass, but now 
it had four portholes. It was fitted very closely onto a brass 
corselet. Two leaden breastplates, one in front and one at 
the back, acted as ballast for the diver, who was weighed 
down still further by leaden soles. A cotton suit lined with 
rubber ensured perfect water tightness; the equipment was 
completed by a leather belt and a dagger. At first glance, it 
is not immediately obvious that the device would enable the 
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diver to surface easily, but as soon as the air entered it, 
buoyancy was acquired. Breathing took place through a de- 
livery pipe entering at the nape of the neck, near the right 
ear, and there was a hand-operated safety valve, as well as a 
safety tube, called a "whistle," which led from the mouth. 

The easy handling of the apparatus, and the spectacular 
demonstrations that the ingenious inventor had the idea of 
organizing (in Toulon a convict was made to dive and reached 
a depth of about 130 feet) ensured a wide popularity for 
this diving suit, and in 1860, Hamelin, then naval minister, 
made its use compulsory on steamships (Fig. n). 

In 1865, Rouquayrol, a mining engineer, and Denayrouze, 
a captain, devised and perfected a "regulating device" which, 
by enabling the diver to receive air automatically maintained 
at a pressure equivalent to that of the surrounding water (a 
principle already foreseen by Klingert with his cylinder and 
hydrostatic piston) was to revolutionize entirely the history 
of diving suits. It was the end of the "flick of the valve" era 
of respiration, of discomfort, accidents, and even deaths; 
above all, it was the end of the tyranny of pipes, ropes, and 
pumps: the true independent diving suit was to see the light. 
We need have no qualms about repeating that it is thanks 
to the system devised by Rouquayrol and Denayrouze, it is 
thanks to their regulator, that it has become really feasible 
for hundreds of divers to penetrate beneath the waters while 
still retaining their independence and autonomy divers who 
are not professionals and do not require a long, arduous, and 
dangerous training. Improved, modified, perfected, it is still 
the same principle of the regulator that is the fundamental 
feature of the system used in the modern self-contained div- 
ing suit, such as the well-known Aqualung, as it is often 
called (Fig. 12). 

The Rouquayrol-Denayrouze apparatus is extremely sim- 
ple. A reservoir of sheet iron (R), one-third of an inch thick, 
receives compressed air (but not, at the time of the innova- 
tion, at a pressure of more than thirty atmospheres) through 
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Fig. 12. Rouquayrol-Denayrouze regulator 

a pipe (Y) leading from the surface. This reservoir communi- 
cates with a kind of flat box which, in the old days, was 
called by its users the "casserole" (C). The communication 
between reservoir and casserole is controlled by a valve (S) 
of the same type as the valves on bicycle or car tires. The 
pressure of the air inside the reservoir closes this valve, just 
as in a tire, thereby preventing the escape of the air and, 
in the case of the tire, deflation. It is sufficient to press on 
the valve from the casserole side to cause the air to pass, 
with a whistling noise, into the casserole. The latter is closed 
by a thin rubber membrane (M), which is in direct contact 
with the surrounding water; its center is fitted with a wooden 
disk to which is fixed, as a kind of perpendicular axis, a 
stem (T) the other end of which rests on the valve of the 
reservoir. From the casserole a pipe (A) leads to the diver's 
mouth, and on this pipe is a side tube, fitted with what is 
generally called a "duck-bill" valve (B). Let us examine the 
functioning of the device in water. Suppose a diver to be 
at a depth of thirty-three feet; he breathes in, thereby lower- 
ing the pressure in the casserole slightly. The membrane, 
which is subjected on its outer surface to the surrounding 
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pressure, that is to say to atmospheric pressure (one atmos- 
phere) plus the pressure at thirty-three feet (another atmos- 
phere), making therefore two atmospheres in all, is depressed, 
and with it the stem (T) which in turn presses down the 
valve (S); this valve opens, forming a communication between 
the reservoir and the casserole, and air enters the latter. It 
enters up until the moment when the pressure of the air 




Fig. 13. Rouquayrol-Denayrouze 
diving suit 



inside the casserole exactly counterbalances the pressure of 
the water outside the membrane. The membrane is then 
necessarily quite flat again, and the valve (which is adjusted 
to close when this is the case) closes. The diver breathes in 
his air at a pressure equal to the surrounding pressure, an 
absolutely essential feature. When he breathes out, he tends 
to increase the pressure in the casserole above the pressure of 
the surrounding water; this increase in pressure opens the 
duck-bill valve (B), which is designed to prevent the entry 
of water but to permit the passage of air outward; the ex- 
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pired air thus escapes in iridescent bubbles. As soon as the 
diver ceases to breathe in, the pressure in the reservoir once 
more holds the valve closed, and the air no longer passes 
through to the casserole. 

This regulator which is called in modern diving suits a 
"reducing valve" functions according to the demands of the 
diver and supplies air automatically, without requiring any 
manipulation, and without needing to be checked or con- 
trolled by a manometer, while the air supplied is at the same 
pressure as that reigning at the depth reached. These two 
points, the last one in particular, are absolutely essential. 

Since at the outset the inventors wished to sacrifice every- 
thing to comfort, they equipped the divers with an apparatus 
fixed onto the back, the rest of the body being practically 
naked. The regulator weighed forty-four pounds, so that by 
wearing on each foot a leaden sole weighing seventeen 
pounds, the divers when fully equipped only had to be 
weighed down a very little in order to achieve sufficient sta- 
bility. The breathing pipe terminated in a mouthpiece, and 
a nose clip excluded the possibility of nasal respiration, but 
nothing was provided for the eyes, "sea water/' as the pros- 
pectus had it, "being more tonic than harmful for the sight." 
For a number of reasons the apparatus was modified, and a 
sort of flexible rubberized suit was then used, under which 
the diver was clothed in wool. A brass helmet (again that hel- 
met!), which looked rather like a pig's snout, sheathed the 
face and was provided with round panes; the top of the suit, 
which was watertight, was joined to it, being prolonged for 
that purpose so that it covered the top of the diver's head. 
The wearer resembled a trained bear standing on its hind 
legs. The pipe supplying the air entered the mask, the latter 
being fitted with a tap on the right, which tap performed the 
function of the whistle of Cabirol. If the diver let the mouth- 
piece of his pipe go, the air flowed into the mask, and from 
thence into the suit, which became inflated; the diver was 
thus able to ascend automatically (Fig. 13). 
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Without the necessity for an air supply from the surface, 
the diving suit of Rouquayrol and Denayrouze would have 
been perfect. It is thus that Jules Verne describes it in his 
Twenty Thousand Leagues Under the Sea. When Professor 
Aronnax, his servant Conseil, and Captain Nemo go hunting 
in the submarine forests, they have complete autonomy, 
which is, however, much more theoretical than real, since 
Jules Verne speaks of a walk of nine to ten hours, at a depth 
of one thousand feet, while Captain Nemo's explanation, in 
which he states that the compression obtained from the 
pumps of the Nautilus (fifty atmospheres), plus the brass 
helmet and the very thick reservoir, combine to make pos- 
sible his fabulous performances, hardly bears examination. 
The apparatus of Rouquayrol and Denayrouze delivered 
thirty liters at an original pressure of 426 pounds per square 
inch, that is to say nine hundred liters of air, which repre- 
sents the amount required for twenty-two minutes' use at a 
depth of thirty-three feet. In order to stroll around the ocean 
bed for so many hours at a stretch, the occupants of the 
Nautilus would have been obliged to carry on their shoulders 
a barrel the size of a ship's boiler, with immensely thick walls, 
containing air compressed at hundreds of atmospheres. It was 
because of these drawbacks that Rouquayrol and Denayrouze 
had to fall back on the surface pipe, on the supply delivered 
by pumps this was, in fact, a return to the classical diving 
suit, that of CabiroL The fundamental error had not yet been 
understood. Inventors persisted in trying to make man walk 
on the submarine ground, instead of making him "swim" in 
the body of the waters. Nevertheless the fact remains that, 
over a period of nearly two hundred years, the human mind, 
bent on solving a problem, progressing by a series of capri- 
cious zigzags, sometimes leaping to an essential discovery, had 
gradually assembled and built a device that, though of course 
not final (nothing that touches man's achievements can ever 
be final) enabled man to compete with the fishes. In this long 
sequence of progress and development, various inventors have 
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emerged, each one contributing a new principle or a new 
detail, which is then taken up by the cohorts of the others, 
each concurring in the ultimate success. As long ago as 1679 
we find Borelli, who not only thinks of using compressed 
air and flippers but also of doing away with the supply pipe 
from the surface; Smeaton in 1788 has the idea of employing 




Fig. 14. Tasker's diving suit 



an air pump; it is Klingert in 1797 who is the first to realize 
the enormous importance of supplying the diver with air at 
the same pressure as that of his environment; Drielberg in 
1811 suggests the mouth mask and the nose clip, though in 
other respects his diving suit is, to say the least of it, rather 
on the fanciful side; in 1830 the immense possibilities af- 
forded by rubber become manifest; while in 1865 the inven- 
tion by Rouquayrol and Denayrouze of the regulator allows 
them to build the prototype, the "father," we might say, of 
all self-contained diving suits. 
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3. Pathology of Diving 

At the time when Rouquayrol and Denayrouze invented 
their regulator, our understanding of the physiology and the 
pathology of diving with diving suits was very far from com- 
plete. The year 1870 marked an extremely important date in 
the history of diving. It was the year when Paul Bert set forth 
the explanation of those strange and little understood acci- 
dents that from time to time befell divers. His dual attributes 
of doctor and scientist gave him a particularly valuable and 
very wide comprehension of the questions 2 involved, and we 
can well understand why Captain Cousteau and his collabo- 
rators have dedicated to him their book La Plongee en 
scaphandre. 

The kind of accidents that happened to divers, that made 
their profession a very hard one, highly paid because of the 
serious and often fatal risks it presented, could be divided 
into two quite different types: 

1. Phenomena of a mechanical kind, whose existence had 
been recognized for a long time. 

2. Accidents the cause of which remained obscure, the 
physiology of the diver being disturbed without the experts 
being able to throw any light on the mechanism of the inti- 
mate changes concerned. It was this latter problem for which 
Paul Bert provided the full and complete explanation. 

A. Mechanical Accidents 

The mechanical phenomena are straightforward enough: 
when an ordinary diver trussed up in his watertight suit is 
submerged, it is evident that on the one hand the air de- 
livered to him by the pump is at the same pressure at all 
points of his imprisoned body, and that on the other hand 



2 Born in 1833 in Auxerre, Professor of Physiology in the Faculty of Science 
of Paris and at the Ecole des Hautes Etudes Gommer dales, Paul Bert was to 
become, after the Revolution of 1870, Prefect of the North, deputy of Lyons, 
minister of education, and governor-general of Annam and Tonking. He died 
in Hanoi in 1886, carried off by dysentery. 



142 * THE WORLD BENEATH THE WAVES 

the pressure of the water since he Is immersed standing is 
higher at the level of his feet, which are deeper, and dimin- 
ishes In strength from his feet to his head. The air, being 
more compressed at the bottom of the suit, flows back toward 
the head and the helmet, and also toward the diver's back. 
There is a tendency, when the diver inflates the thorax, for 
him to rise toward the surface like a Cartesian diver or "bot- 
tle imp." If this should occur, he bends his head forward and, 
by gentle and cautious movements of his temple, manipulates 
the escape valve, which can be regulated from inside the 
helmet, until perfect buoyancy is obtained. It is easy to im- 
agine that there is a knack in performing this delicate ma- 
neuver, a knack that the diver has to acquire. The slightest 
error may be fatal if he admits too much air, because then 
he ascends, like a balloon with insufficient ballast, and a 
vicious circle is created: the more he ascends, the less the 
pressure of the surrounding water, the greater the volume of 
the air imprisoned in his suit, and the quicker his ascent. In 
the end he will rush up to the surface, and may even pass 
right through it, shooting up into the air above the water like 
a balloon imprisoned In the depths and suddenly released. 
Not uncommonly, his diving suit will be torn wide open. 
This is known as "ballooning/' One can imagine the physio- 
logical disturbances consequent upon such an accident. If, 
now, the diver lowers his head too much, the imprisoned air, 
like the bubble in a spirit level, suddenly moves down toward 
the lower end of the suit. It is then the legs that form the 
balloon, and the same accident will occur, but this time with 
the head downward. 

Lastly, if for some reasonimperfect functioning of the 
apparatus, a fall on the part of the diver, etc. the pressure of 
the air in the diving suit diminishes, or if the air Is not re- 
ceived in sufficient quantity, then the pressure of the water 
becomes greater than that obtaining inside the suit. The 
elastic suit is pressed tightly against the diver's body, which 
it clothes like a horribly painful tunic of Nessus; he pants, 
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begins to suffocate. The same process continuing, all the air 
flows back toward his head, hammers on his temples, blurs his 
vision. The diver's half-asphyxiated body, decreasing in vol- 
ume, starts to sink, and through the diabolical sequence of 
physical events, the deeper he gets, the higher the pressure 
of the water gets and the more rapid is his descent. This is 
the "squeeze/* When the unfortunate diver is brought up 
If indeed that can be done he Is found to have been turned 
into a disarticulated puppet, his vertebrae dislocated, his 
tympanic membranes burst, and his sinuses filled with blood. 

B. Physiological Accidents 

The physiological phenomena, which are much more com- 
plex, had not received any valid explanation before the 
researches of Paul Bert. Once their mechanism had, thanks 
to him, been recognized, it was possible to avoid falling into 
the same errors, tragic errors of which divers were the victims. 
The list of their deaths, accepted as a professional risk, was 
unfortunately already only too long. 

It is agreed that the cutaneous surface of a man of average 
dimensions is about 2300 square inches. On earth, with an 
atmospheric pressure that represents about fifteen pounds per 
square inch, the walker is not disturbed by the weight that 
presses on his body, although it is estimated at about fifteen 
tons. This is because atmospheric pressure also obtains inside 
his body cavities, while his blood carries dissolved atmos- 
pheric gases which are going to impregnate his tissues, but 
which have also been inhaled at atmospheric pressure. The 
outside pressure and the inside pressure being in equilib- 
rium, the battle, as it were, is drawn. The human body, a 
closed field on which the two protagonists face each other, does 
not experience any effects from the contest, which results in 
a tie. If this same body is now immersed to a depth of 33 
feet, the organism has to withstand a weight of thirty tons, 
but now the air sent by the pump is compressed at two atmos- 
pheres, so that the balance continues to be equal. In theory, 
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it seems as though the situation could go on indefinitely in 
this way: at 100 feet, one could send air compressed at four 
atmospheres, and if the diver descended to a depth of 130 
feet, at five atmospheres, and so on. 

Things, however, are not quite so simple. The reader prob- 
ably remembers from his school days that atmospheric air is 
composed of twenty-one parts (exactly 20.97 per cent) of 
oxygen and seventy-nine parts of nitrogen (the rest, 0.03 per 
cent, being carbon dioxide). As the diver descends, the partial 
pressure of each of the gases of which air is constituted in- 
creases. At the same time, each is capable of dissolving in the 
blood and in the tissues, all the more rapidly in that the 
depth is greater and the cold more marked. Nitrogen in par- 
ticular, which at the surface does not dissolve in the blood 
to any appreciable extent, is now going to do so: at one hun- 
dred feet it is already present to the extent of sixty c.c. per 
liter, and certain tissues rich in lipoids, such as the nervous 
tissues, seem to show a particular affinity for nitrogen and 
take it up in greater quantities than do the other tissues. In 
four or five hours, the saturation point of the organism for 
nitrogen is reached. From that moment, two kinds of physio- 
logical accidents are to be feared, according to whether the 
diver ascends or whether he continues to descend. 

If the ascent is too sudden, the stage is set for the appear- 
ance of one or another of those accidents of decompression 
which for a long time perplexed scientists and doctors. The 
diver first experiences tingling and itching of the skin, which 
is called, in professional jargon "the fleas"; this, however, is 
not in itself a serious matter. The localization of the phe- 
nomena in the muscles and tendons provokes involuntary and 
painful contractions (the "bends"). The effect on the inner 
ear is to cause deafness, which may be lasting, while Meni&re's 
syndrome (giddiness, vertigo) is sometimes present. Interfer- 
ence with the spinal nerve roots, or with the spinal cord 
itself, can bring about paralysis of the lower limbs, while 
lastly, where the arterial system is concerned, gas embolism 
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Is capable of giving rise to a whole sequence of disorders, 
including hemiplegia or even sudden death from cerebral 
embolism. 

What has happened? Paul Bert's great merit lay in the fact 
that he discovered that the dissolved nitrogen did not have 
time, during a rapid ascent, to be taken up again from the 
tissues by the blood and eliminated by expiration from the 
lungs. When the pressure of the water, that is to say the ex- 
ternal pressure, is suddenly removed, the nitrogen dissolved 
in the blood and tissues returns abruptly to its gaseous state, 
taking the form of bubbles similar to those produced in 
champagne, which sparkles when the cork is withdrawn be- 
cause the atmospheric pressure is lower than that which 
obtained inside the bottle, and depending on the localiza- 
tion and the size of these bubbles, the diver exhibits some 
part or parts of the symptomatology we have described above: 
cutaneous tingling if minute bubbles are present in the super- 
ficial capillaries, painful contractures if bubbles form in the 
articular vessels, deafness if they do so in the auditory artery 
or nerve, while, depending on the arterial localization, pul- 
monary or cerebral embolism, involving as they do the grave 
risk of a fatal termination, may complete the clinical picture. 

There is one way, and one way only, to avoid such acci- 
dents: by a slow and gradual ascent. 3 From 1907 onward, the 



3 One may wonder, then, how the records of Commeinhes, who reached a 
depth of 175 feet and ascended in two minutes, and that of Dumas, who suc- 
ceeded in diving to a depth of 205 feet, shooting up through the surface two 
and a half minutes later, could have been possible without causing serious 
injury to the organisms of the two divers. Do some individuals enjoy a sort of 
physiological impunity? Certainly not, but the duration of these two record- 
breakers' stay at the lowest limit of their dives had been extremely brief barely 
a second and a certain time is necessary before the saturation of the organism 
causes sufficient nitrogen to be dissolved to lead, during the ascent, to the 
serious disorders we have mentioned (each tissue has, by the way, a specific 
saturation time). On the other hand, for a period of fifty-six minutes spent 
at a depth of only 120 feet, one must allow fifty-four minutes of "stage" de- 
compression, while for a stay of one hour forty minutes at 132 feet, two hours 
forty-one minutes are required. Moreover, it is extremely dangerous to play 
with fire. Beyond a certain depth, unpredictable accidents may happen, even 
in the case of a lightning dive. 
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use of the decompression tables (which, drawn up by the 
Deep Diving Committee, were the outcome of the work be- 
gun by Paul Bert and developed by J. S. Haldane and his 
colleagues, certain additions being made by the American 
navy) gave to the diver, who was made to ascend by carefully 
calculated stages, complete immunity from accidents, even 
slight ones. The interpretation of these tables, however, is 
rather a complex business, and they are only valid for sub- 
marine work entailing a moderate degree of effort. Intense 
muscular activity at great depth may still provoke a catas- 
trophe, despite rigorous observance of the rules of ascent. If 
the diver emerges at intervals the total time spent at the bot- 
tom must be used in the calculation it is most important, 
never to forget this, in cases when the work is of a discontinu- 
ous kind. The most practical method is evidently to lower a 
decompression chamber to the bottom, so that the diver r 
when his job is finished, can wait in dry surroundings for the? 
salutory diminution of the dangerous excess of pressure. 

Let us now consider the contrary situation; if the diver, 
having become saturated with nitrogen, descends to a greater 
and greater depth, he may begin to experience new and 
rather strange disturbances. First of all the air he is breathing 
begins to acquire a peculiar taste; the oxygen seems "acid," 
and the nitrogen appears to have a metallic taste; at depths 
greater than 290 feet individual reactions vary somewhaf 
his brain starts to become foggy; he can no longer think, 
he is hesitant in his actions and behaves inconsiderately and 
childishly. 4 Some irrational act of one sort or another may 
then bring about his death, as was the case with Quarter- 
master Fargues, who, at 425 feet, discarded his breathing 
mouthpiece. Depending on the individual, the predominant 
sensation is a euphoric beatitude (hence the expression 'Yap- 

4 It is this kind of pathological behavior that is the explanation for the 
strange attitude of some divers who, working at fairly great depths, failed to 
carry out the orders received by telephone and nevertheless insisted, once they 
had returned to the surface, that they had accomplished the task, which in 
reality they had failed to execute. 
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ture of the depths"), though, on the contrary, it may some- 
times be one of distressing anguish. At a greater depth som- 
nolence becomes invincible, and it is asleep, in full nitrogen 
narcosis, that the diver, having lost consciousness, may die. 

A completely satisfactory explanation of these phenomena 
has not yet been forthcoming. It seems very probable that 
it is due to the anesthetic effect of nitrogen on the nervous 
tissues of the brain, an effect comparable to that which Is 
caused by the anesthetic gas nitrous oxide, or laughing gas. 
If a helium-oxygen mixture is used instead of air (helium is 
a light gas) the phenomena do not occur, even at a depth 
of 460 feet; using argon, a heavy one, they are observed at 
200 feet. The practical conclusion Is that, in order to remain 
within the safety margin, it is advisable, unless one Is thor- 
oughly trained, not to go beyond i go or 220 feet in free dive. 

4. Modern Types of Apparatus 

A. The Self-contained Diving-suit Type 

In 1878, Fleuss and Siebe, Gorman perfected one of the first 
self-contained diving suits (the independent Rouquayrol- 
Denayrouze having hung fire). Freeing themselves from the 
servitude of the pipe and the pump, they provided their 
diver, still traditionally clothed in a watertight rubber suit, 
his boots weighted with lead, and wearing a helmet, with a 
reservoir containing compressed oxygen. After use, the ex- 
pired gaseous mixture passed through a regenerator in which 
caustic soda absorbed the carbon dioxide, while the diver 
breathed in again the same oxygen, now in a purified state; 
this was a ' f closed-circuit* ' oxygen apparatus. The accidents 
that resulted from its use, the reason for which we will ex- 
plain later, caused the use of this type of diving suit to be 
abandoned fairly soon. 

In 1 900 Louis Boutan, who was beginning to know the sub- 
marine world quite well since he had taken the first recorded 
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photographs of the aquatic depths, 5 wishing to obtain greater 
facilities for maneuvering his apparatus, decided to have a 

new type of diving suit built (Fig. 15). 




Fig. 15. Sketch of Bou tan's device 



His model retained the Rouquayrol-Denayrouze principle 
with its famous regulator, but here the compressed air (at 
two hundred atmospheres) was contained in a steel cylinder 
suspended from the diver's right hip. The flow of air, which 
was not automatic, was controlled by the diver. He received 
this air through a pipe that entered at the back of his helmet; 
after use, the expired mixture left the helmet in front of the 
right lateral porthole and entered a cylinder that hung down 
alongside the left leg of the diver, who was harnessed, one 
must admit, like a mule. A solution of caustic potash ab- 
sorbed the carbon dioxide, and the air then passed into a 
bottle where pure oxygen and fresh air restored to it its 
value as a respiratory agent. It reached the diver through a 
pipe fitted behind the left lateral porthole. Apart from that, 
Boutan's diving suit resembled the traditional flexible model 
with lead-soled boots, but additional lead ballast was no 
longer necessary owing to the total weight of the apparatus. 
Though such a system permitted two or three hours of in- 



The reader will find a summary of his very beautiful work in the chapter 
devoted to underwater photography. Bou tart, who caa be considered as the first 
underwater photographer, was a lecturer at the Faculty of Science of Marseille. 
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dependent diving, Its obvious imperfections doomed it to a 
short life. Boutan was a better photographer than he was 
a hydrostatician. Here again, moreover, the defects of the 
closed circuit, the dangers of oxygen, and the unavoidable 
clumsiness of the diver in unstable equilibrium were all 
superimposed on one another. 

Though the Draeger apparatus (again with closed circuit 
and oxygen) was of great complexity, and though it per- 
petuated the same encumbering harness, diving suit, helmet, 
and weighted boots; though it required numerous manipu- 
lations, plus a long training in its use, the German navy 
considered it sufficiently practical to provide its submarines 
with it (as individual life-saving apparatus). It is after all 
true that it permitted the wearer to remain for three hours 
at a depth of thirty feet, and for three-quarters of an hour 
at one hundred feet, by no means negligible performances. 

B. The Self-contained Breathing-apparatus Type 

We are adopting this terminology because, in fact, this kind 
of apparatus is no longer a diving suit, but a kind of ex- 
ternal "lung," which adapts itself to the liquid environment 
with its varying pressures in a way that the human respira- 
tory system is unable to do, thereby playing a valuable role 
and assisting the latter in a most essential fashion. 

(a) Closed circuit, with oxygen. This time the revolution 
was a total one. Inventors at last succeeded in avoiding errors 
that had been incorporated over and over again, with scarcely 
any modification, into the design of the various different 
types of apparatus. In the long succession of inventions, most 
of the innovations had so far been of an almost purely tech- 
nical kind. One worker discovered the principle of the re- 
ducing valve, another realized the importance of compressed 
air, but all of them insisted in attempting to adapt man to 
a subaquatic existence based on his terrestrial one. It seems 
that they were incapable of visualizing man in any other 
way than as standing up in the water, and so, as on earth, 
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they made him walk. In the air they had given him a me- 
chanical outline resembling that of a bird, but in the bosom 
of the waters they refused to allow him to conform to the 
shape of a fish, to adopt its neutral equilibrium. Instead 
they caused him to sink, heavy, clumsy, and inefficient, toward 
the bottom; they accepted that he should swim on the sur- 
face, but refused to let him do so when submerged. It was 
not until 1915 that Sir Robert PL Davis devised the first true 
independent breathing apparatus, which at last related man 
to the pelagic inhabitants of the seas. 

This time it really seems that the inventor has broken 
with tradition, with the heavy diving suit, the massive brass 
helmet, the lifeline, the air-supply pipe, the lead-weighted 
boots. The diver now becomes, all at once, a slender figure, 
his watertight suit fitting snugly against his body, his head 
scarcely deformed at all by the vision mask. As for the appa- 
ratus Itself, it is very simple: a rubber bag of a capacity of 
eight liters is carried in front of the chest and supported by 
braces. The bag is connected by a flexible corrugated rubber 
tube to a mouthpiece, which is clamped between the teeth. 
Inside the bag is a canister containing granulated soda lime 
which can absorb thirty-eight liters of carbon dioxide before 
becoming exhausted (one hundred grams of expired air con- 
tain four grams of carbon dioxide), and below the bag and 
connected to it by another rubber tube is a bottle of oxygen 
compressed at 120 atmospheres, whose output can be con- 
trolled by the diver. In case of necessity, there is a reserve 
of oxygen readily available (a steel ampoule with a thin 
neck that can easily be broken by the diver); lastly, a safety 
valve permits the evacuation of excess oxygen, while a cun- 
ning yet simple device (an apron or check vane that can be 
unfolded and extended In the water) may be used to slow 
down the ascent if this is dangerously rapid. The apparatus 
is light, robust, inexpensive, and practically foolproof, and 
it can provide, at shallow depths, a period of autonomy of 
nearly four hours. In reality, it was not actually designed 
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for underwater work or observation. The Davis apparatus, 
in fact, is generally known as the "submarine escape appa- 
ratus" (actually, its correct name is "submerged escape ap- 
paratus"). It is solely a life-saving device, intended to permit 
the individual escape of submariners trapped in their sunken 
vessel and facing death by asphyxia. It was for that purpose 
that its provision was made compulsory in the British navy. 
The Americans adopted the more or less similar "lung" type, 
while France opted, though not until 1931, for the English 
apparatus. 

During the Second World War, the Davis apparatus this 
time supplemented with flippers was, among others, used to 
equip the famous "frogmen." Its principal advantage for this 
purpose was that it was particularly suitable for this crafty 
form of submarine warfare, as it did not create bubbles, and 
thus preserved the clandestine nature of the operations; 
otherwise, the bursting of the gas bubbles on the surface 
would quickly have made enemy targets of the frogmen, and 
a well-placed grenade or a few bursts of machine gun would 
soon have disposed of them. 

The Italian, with the Pirelli D.F. Sport and the Poseidon, 
as well as the Cressi M.47 and the C.F. 496, were equipped 
with systems similar in every way. The Italian underwater 
hunters, despite a number of deaths, which have given rise 
to a great deal of discussion, continue to use such types of 
apparatus. In Italy, the rules of underwater hunting do not 
forbid the use of breathing apparatus, and the hunters fre- 
quently dive to fifty feet for fairly long periods of time. I 
have not attempted to conceal my astonishment from them, 
as in fact if such apparatus is not more widely used for 
underwater exploration, underwater work, and touristic 
dives, it is quite simply because it is dangerous. First of all, 
if the absorbent canister functions imperfectly, asphyxia is 
inevitable because the vitiated air is no longer purified, and 
secondly oxygen, when breathed at a certain pressure, is toxic. 
This would seem to be the place for a brief resume of our 
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present knowledge concerning the physiological dangers of 
oxygen in diving. 

(b) Oxygen poisoning. In actual fact, our knowledge of 
this matter is by no means complete. It rests much more on 
experience than on scientifically tested fact, since we do not 
as yet know exactly how the mechanism of poisoning by 
oxygen operates. There may be premonitory symptoms of a 
comparatively minor nature: excitement, giddiness, nausea, 
visual and respiratory disturbances, trembling of the lip, 
sometimes leading to epileptic convulsions. In some ways, 
it might be a good thing if they occurred more regularly, as 
they would warn the diver, who could then surface. Now, 
the eminently dangerous character of oxygen poisoning arises 
from the fact that its onset is quite often sudden, without 
any premonitory symptoms, or even succeeding to a sensa- 
tion of well-being, which increases the danger further. There 
is sudden loss of consciousness, sometimes even at a com- 
paratively small depth (the "shallow-water blackout"). The 
exact physiology and pathology of oxygen poisoning is im- 
perfectly understood, but it is supposed that the oxygen dis- 
solved in excess in the blood is given up directly to the 
tissues, providing the oxidizing element necessary to their 
continued vitality. The lungs no longer play their normal 
role of oxygenating the organism through the medium of 
the hemoglobin of the red blood cells. These red cells con- 
sequently remain charged with oxygen (we know that nor- 
mally the oxyhemoglobin formed after the passage of the 
blood through the capillaries of the pulmonary alveoli is 
split up and abandons its oxygen to the tissues irrigated by 
the blood) and as a result, the red cells are incapable of 
taking up or "fixing" the carbon monoxide (CO) of the 
tissues in the form of carboxyhemoglobin. The sensitivity 
of the respiratory center, furthermore, is so depressed as a 
result of the presence of excess oxygen at high pressure that 
when the carbon dioxide increases, first in the tissues, then 
in the blood, this center fails to react in its usual way, and 
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does not cause acceleration and deepening of the respiration 
(a process that normally has the effect of "washing out" and 
eliminating the excess carbon dioxide from the blood, via 
the lungs). The amount of carbon dioxide increasing fur- 
ther, its action on the brain becomes manifest by the onset 
of anesthesia the diver suddenly loses consciousness. In prac- 
tice, it is generally agreed that, beyond twenty to twenty-five 
feet, diving with the oxygen breathing apparatus is not abso- 
lutely devoid of danger. I was personally extremely surprised 
to see our Italian friends habitually using Pirelli diving 
suits with closed circuit for dives up to fifty feet, frequently 
repeated; I was all the more surprised since I knew, like 
everybody else, that the "diving limit authorised by the 
British Navy for its frogmen was thirty-three feet." 

It is for these reasons of safety, and because there is still 
a good deal of uncertainty concerning the physiopathology 
of oxygen absorbed during submersion, that the French have 
shown a preference, where the question of breathing appa- 
ratus is concerned, for compressed air used in open circuit. 

Types of Breathing Apparatus with Compressed Air 
and Open Circuit 

(a) Le Prieur self-contained diving suit. In 1905, in the 
China Sea on board the Dupetit-Thouars, then later, in 1907, 
on board the Entrecasteaux> a young midshipman of the 
French navy, enthusiastic and daring as one is at twenty, 
had several times donned the heavy diving suit of the period 
and helped in such operations as releasing a propeller that 
had got tangled up in a cable or exploring sunken wrecks 
in the company of professional divers. The clumsy mode of 
progression, the limitation of the field of activity, the vul- 
nerability of the diver linked to life by nothing but a fragile 
tube, struck him at the time as being rather illogical, and 
out of keeping with the times. This young midshipman, an 
inventive and tenacious Breton, was called Le Prieur. 6 He 



Commander Le Prieur was born in Lorient on March 23, 1885. 
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longed to be able really to swim under the waters with com- 
plete ease and independence. It may be that we owe his 
discovery, in part at least, to the exploitation of a verbal 
opposition; the diver of the time walked., Le Prieur would 
have liked him to swim; the question, though, was how to 
transform the feet into true fins. Twenty years later, in 1926, 
when Le Prieur, by then in his forties and a lieutenant com- 
mander, was to devise his first self-contained diving suit, the 
"Fernez-Le Prieur" (patent number 633,421). 

The idea seems quite simple to us today, but let us go 
back to that period. The diver descended naked into the 
waters, a revolutionary procedure, and one that needed con- 
siderable initiative; no helmet imprisoned his head, while 
small "Fernez" binocular goggles on his eyes, a nose clip, 
and the mouthpiece of the breathing tube in his mouth left 
the rest of his face free. Strapped onto the back like a knap- 
sack, a bottle containing three liters of air compressed at 150 
atmospheres kept the diver supplied, through the intermedi- 
ary of a reducing valve on the Rouquayrol-Denayrouze prin- 
ciple, with air at the pressure of the surrounding water. A 
tube delivered it to the diver's mouth by a mouthpiece 
clamped by the teeth. The expired gas escaped through a 
duck-bill valve, which was maintained closed by the pres- 
sure of the water in the interval between expirations. The 
apparatus seemed insufficiently convenient to the inventor, 
who among other things complained of the discomfort occa- 
sioned by the goggles which were painful at even average 
depths because the pressure tended to make the eyes pop out, 
of the awkward nose clip, and most of all of the fact that 
the diver, if overcome by malaise, might let go his mouth- 
piece, thus running a fatal risk of drowning. In addition, 
with such a device in the mouth, it was not easy to perform 
the acts of swallowing necessary to bring about equilibrium 
between the pressure in the middle ear and that outside. 

In 1933, the second Le Prieur self-contained diving suit 
saw the light: one single cylinder of six and a half liters of 
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air, compressed at 150 atmospheres, provided the diver with 
a volume of 975 liters of atmospheric air. It was fixed to a 
small board, which was secured on the diver's chest (and no 
longer on the back) by a brace encircling the neck, and by 
a belt. The air from the upper end of the cylinder (Fig. 16) 




ed o/r 



Fig. 16. Le Prieur's second diving apparatus 

entered a reducing valve fitted with a manometer, which 
indicated, under the very eyes of the diver, the reserve of 
air at his disposal. The air, delivered at the surrounding 
pressure, entered a complete face mask, covering the whole 
of the face. The diver had only to breathe quietly, just as 
he would in the open air, and he had a genuine atmosphere 
at his disposal. Expiration lifted the rubber of the mask at 
the edges, and the air escaped in large bubbles into the 
water; an adjustable needle valve made it possible to main- 
tain a permanent, slight excess of pressure in the reducing 
valve, which resulted in a continuous output to the mask. 
This feature necessarily entailed a wastage of air, since the 
latter continued to be supplied to the diver even during 
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expiration. Critics of the apparatus estimated that about 
25 per cent of the usable volume was wasted in this way. 
Commander Le Prieur claimed that proper adjustment re- 
duced this loss to a much smaller rate; whatever the case, 
there was no doubt that the amount of air available for 
breathing, and therefore the range of action of the diver, 
was less, for a cylinder of equal capacity, than in other types 
of apparatus that had discontinuous or demand output. On 
the other hand, safety was increased. The air would continue 
to arrive in the event of malaise, making it possible to rescue 
the stricken diver, unconscious perhaps but not asphyxiated 
(Fig. 17). 




Fig. 17. Le Prieur's reducing valve 

The Le Prieur apparatus 7 permits of dives of thirty min- 
utes immediately below the surface, twenty minutes at twenty 
feet, and ten minutes at forty feet. The inventor, being well 
aware that an exaggerated optimism is conducive to acci- 



7 Constructed at the time by the firm Epervier et Gillet. 
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dents, advises against its use at greater depths. In the form 
described, it has made possible, not so long ago, some ex- 
tremely creditable performances. 

In 1935, Commander de Corlieu's famous "flippers" were 
added to the equipment. From then on, the diver has been 
able to move about in the body of the waters in all positions. 
He can imitate and equal the fishes. He knows the intoxica- 
tion of being independent of gravity and of being able to 
perform what evolutions he wishes, the position of his body 
being dictated purely by his fancy. Thanks to Le Prieur's 
diving suit, underwater photography (which we shall discuss 
in detail later on) becomes easy. 

Fired with enthusiasm by those possibilities, a small group 
of ardent spirits, in the front rank of whom was Jean Pain- 
leve, founded in 1934 the Club des sous-l'eau, which later 
on was to become the Club des scaphandriers et de la vie 
sous I'eau. During an exciting period, filled with new and 
fascinating discoveries, a period that remains emblazoned in 
the memories of those who lived through it, the original 
members of the club went from wonder to wonder. At the 
end of each of those halcyon days, which never held enough 
hours, the tired but happy enthusiasts returned directly from 
the sea, in an outboard motorboat, to the kitchen of Com- 
mander Le Prieur's villa at Saint-Raphael, an aquatico- 
terrestrial house, where the gunwale of the boat could be 
brought alongside the edge of the cook's kitchen range. The 
companions were thus able to eat without leaving the boat, 
and, as you may well imagine, did so in boisterous good 
spirits. In the year 1936, with a view to making known the 
possibilities of the new diving suit, the club was staging an 
ever increasing number of subaquatic demonstrations in 
bathing pools. In 1937, it put on a real underwater show 
which was held in the Aquarium Humain and which be- 
came one of the highlights of the International Exhibition. 
Demonstrations of underwater oxyacetylene welding were 
made under the eyes of the gaping crowds, comparative dives 
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were undertaken using other types of diving suits, particu- 
larly that of Beebe. The first underwater ballets achieved 
great success, and they were enlivened by illuminated fan- 
tasies, made possible by the use o Wood's lamp: the 'Tire 
Dance" consisted of a submarine spectacle in which divers, 
each holding a pair of different colored lamps, produced 
some truly enchanting effects, gliding and gyrating in time 
to music (which was clearly audible at the bottom of the 
water). Races, life-saving demonstrations, and acrobatics were 
the crowning features of the show* A little girl of four, for 
whom all the diving suits had been found to be too heavy, 
dived wearing only a simple mask, accompanied by a "human 
reservoir" a diver who shadowed her and supplied her with 
air from his own diving suit. A real phenomenon, the child 
performed the most graceful evolutions with perfect ease 
and without showing the slightest apprehension though she 
demanded the presence of her celluloid doll, which followed 
on the surface, attached to her by a cord. Cyclist-divers, with 
tires made of lead instead of rubber, made circuits of the 
bottom of the aquarium. When Commander Le Prieur let 
fly with his famous powder gun, the "Nautilus," it was a case 
of "devil take the hindmost" among the divers of the group, 
as the trajectories of the harpoon do not always conform to 
theory! 

These pleasant and entertaining demonstrations aimed at 
asserting the value of the apparatus, but the serious side of 
the matter had been in fact Commander Le Prieur's real 
objective. In 1935, the French navy had realized the value 
of his diving suit and adopted it. Numerous firms concerned 
with port installations used it in preference to other types, 
since the face mask permitted the use of a microphone, which 
is practically obligatory for all accurate work carried out 
under water. Lastly, the apparatus permitted even inexperi- 
enced divers to carry out underwater exploration without 
risk (and indeed its use never caused any accident). It opened 
the way to underwater tourism, which, with the help of the 
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vogue for submarine hunting, was later on to become a form 
of human activity no more exceptional than private air 
tourism. 8 

For all the above reasons, it is no exaggeration to say 
that "the father of the present-day self-contained diving suit 
is Commander Le Prieur/' as indeed was stated in an exhi- 
bition at the Admiralty on a notice accompanying the appa- 
ratus we have described, and all must agree that to Com- 
mander Le Prieur belongs the credit for moral and practical 
priority in the field of submarine exploration. His activities 
as an innovator deserve the gratitude of every diver, all the 
more so since his diving suit is far from being outdated, 
and one is well advised to use it, within reasonable limits 
and at medium depths. 

(b) The Commeinhes Self-contained diving suit. Georges 
Commeinhes perfected Commander Le Prieur's suit. The 
apparatus consisted of two paired cylinders, each containing 
four liters of air compressed at two hundred atmospheres 
and protected by a frame. These were generally strapped 
onto the back, the bottles' necks pointing downward. An 
ingenious reversing system made it possible to use succes- 
sively one or the other of the bottles. The air entered a 
reducing valve of the Rouquayrol-Denayrouze type, which 
delivered it to the diver at the surrounding pressure on 
demand^ so that there was no wastage. The air was led into 
a large mask, enclosing the face completely from the fore- 
head to the chin and terminating in a sort of snout, in 
which was set a vision pane. On the right of that snout, a 
valve allowed the vitiated air to escape. A combination of 
the old Rouquayrol-Denayrouze and the new Le Prieur, 
Commeinhes' apparatus permitted dives to thirty feet, for 



8 At the same period, Commander Le Prieur attached his name to the first 
surface mask with breathing tube (1933), the first underwater powder gun, the 
""Nautilus/* and the first heated suit (with hot water) that the Paris firemen 
(1939) adopted for their rescues in rivers. A pedalo-compressor, which required 
the help of only one assistant, supplied the compressed air necessary to the 
divers. 
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thirty minutes. A manometer fixed to the belt indicated the 
quantity of gas remaining in the cylinders. 

In 1937, the war ministry adopted the system, but in 
1939, the war came, andalas the Occupation. In July, 1943, 
in the waters off Marseille, this diving suit hit the headlines, 
as with it the inventor, Georges Commeinhes, succeeded in 
reaching a depth 175 feet, which took him fourteen minutes, 
whereas the ascent took only two minutes! 9 

(c) The Cousteau-Gagnan self-contained diving suit. Cap- 
tain Cousteau, passionately fond of the sea, does not deny 
that he has acquired an untiring curiosity about everything 
that lies in its depths through the practice of underwater 
hunting. Beginning in 1936, back in that blessed epoch of 
fruitful dives, with comrades who have remained his col- 
laborators and friends, Frederic Dumas and Philippe Taillez, 
he made some notable hauls, both from the point of view 
of the number of specimens and from that of their weight. 
One day it was Dumas betting that he would bring back 
during the morning two hundred pounds of fish (and we 
have seen this exploit depicted in the film Par dix-huit 
metres de fond); another day it was Cousteau descending 
armed only with a knitting needle, and returning with his 
hands full. The team, however, suffered from that human 
infirmity in the water: the need for air. Tired of the joys 
of pure hunting, which by then were becoming a little stale, 
the members of the team began to aspire to the greater 
depths; they longed to explore the marine universe, breath- 
ing quietly and comfortably, no longer in order to hunt- 
it was not allowed with breathing apparatus but to see. 
Commander Le Prieur's apparatus seemed to them the first 
step on the way to independent diving, but they found his 
model rather difficult to handle and too complicated in use, 
leaving the mind insufficiently free; it was not, in one word, 
completely automatic. Moreover, they regretted the unused 



9 Georges Commeinhes was killed in 1944 in the struggle for the liberation 
of Strasbourg. 
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and wasted air, which did not enter the diver's mouth and 
set a limit to the depths that could be reached. Lastly, they 
came to the conclusion that the size of the membrane of the 
reducing valve made it insufficiently sensitive to slight vari- 
ations in the pressure of the water. They began to study, to 
build their own model. First they tried one of the Davis 
type, using closed circuit and oxygen. That gas, however, 
seemed to them too treacherous on account of its rapid tox- 
icity. Burning as they were with the desire to go deep into 
the bosom of the waters, the limits that the use of oxygen 
imposed twenty, twenty-five, or at the outside forty feet- 
ruled this gas out. They therefore left it out of considera- 
tion, and concentrated their efforts on the possibilities, which 
were much more practical, of using compressed air. Since 
the problem of the cylinders presented no difficulty, it was 
that of the automatic regulating valve delivering the air on 
demand and at the surrounding pressure that engaged all 
their attention. 

Emile Gagnan, an engineer at the Societe de I' Air Liquide, 
provided them with the ideal solution. Those were the heroic 
times of the Occupation, and all the tricks had been brought 
into play for providing fuel for motor vehicles, now that 
gasoline was unobtainable. Gagnan had perfected a reducing 
valve designed to supply car engines with cooking gas, con- 
tained under pressure. In December, 1942, a reducing valve 
was designed with two stages, the first of which lowered the 
original pressure of two thousand pounds per square inch 
to one hundred pounds, after which a decrease of the pres- 
sure in the breathing chamber of a little over one and one 
half ounces per square inch was enough to bring about the 
opening of the valve that maintained a supply of air to the 
breathing chamber. A simple inspiration was sufficient to 
cause this reduction in pressure, and there was no longer 
any wastage, as in the interval between inspirations the pres- 
sure of the surrounding water closed the one-way expiratory 
valve. Full of enthusiasm, Cousteau made a test in the Marne 



1 62 THE WORLD BENEATH THE WAVES 

during the spring of 1943. Alas, while horizontally all was 
well, when the diver was in a vertical position the air es- 
caped in large bubbles, and when he had his head downward 
the supply ceased. This was because there was a difference 
of level of six inches between the entry and exit pipes, 
which corresponds to a pressure of five and one-half ounces 
per square inch, a pressure that was greater than the load- 
Ing of the spring controlling the secondary reducing valve. 
Little by little improvements were effected, and eventually 
all the difficulties were overcome. During the autumn of 
1943, the team frequently dived to 130 feet. In October, four 
months after the sensational dive of Georges Commeinhes 
to 175 feet, Dumas achieved a descent of 204 feet, thus car- 
rying off the record for the time. 

Actually, the Cousteau-Gagnan diving suit consists of one, 
two, or three aluminium bottles, each containing five liters 
of air compressed at two hundred atmospheres (administra- 
tive regulations forbid, in practice, the use of such a high 
pressure except in apparatus designed for life-saving pur- 
poses, and the pressure, in fact, varies between 120 and 150 
atmospheres). Each bottle therefore should deliver theoreti- 
cally 1000 liters of atmospheric air, which permits a very 
long period of autonomy: 2 hours 30 minutes at the sur- 
face, i hour 15 minutes at thirty feet, 37 minutes at one 
hundred feet, for the three-bottle apparatus. Each bottle 
when full weighs 14 pounds and has been tested at a pres- 
sure of 357 atmospheres (approximately 5000 pounds per 
square inch). It is fitted with two adjustable valves. One, 
the top one, is a main tap that cuts off the supply of com- 
pressed air; the other one, at the bottom, is a reserve tap 
(see later). The upper orifice of the cylinder leads into the 
reducing valve, which can no longer be called a "casserole" 
but rather a "microphone," since it resembles one very mucli 
in shape, and is scarcely any bigger; it is detachable and can 
be rapidly fixed or removed, while its chromium-plated cov- 
ering renders it perfectly rustproof (Fig. 18). 
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Let us study the functioning of these cylinders. When 
the diver turns on the main tap, the top one (R), the com- 
pressed air, after passing through a screen whose function 
it is to stop any impurities, enters a primary reducing valve 
(D). Its entry into here is at first prevented by a valve (S), 
which will open only when the pressure inside the reducing 
valve (D) is less than 350 pounds per square inch. This 
valve (S) is in contact with a stem (T), which is firmly at- 
tached to an elastic membrane (M) made of rubberized cloth; 
the latter is controlled by a spring whose loading is such 
that as soon as the pressure in (D) is less than 350 pounds 
per square inch, the center of the flexible membrane is 
pushed in by the spring, and the stem, which is one with 
it, pushes back and opens the valve (S). The air from the 
cylinder then passes through. As soon as a pressure of 350 
pounds is reached, the membrane (M) flattens out again, 
attracting the stem (T), which no longer opens the valve (S); 
the latter closes, and the air from the cylinder ceases to pass 
through. Any demand for air by the diver through the pipe 
{TA) brings about a lowering of the pressure in (D) through 
a mechanism we will examine in a moment. When the pres- 
sure in the reducing valve (D) falls below 350 pounds, the 
membrane is again pushed in, the admission valve is once 
more opened, and the cycle starts all over again. The suc- 
cessive phases of lowered pressure and equilibrium can suc- 
ceed one another very closely, and the mechanical movements 
just described follow them faithfully. 

The exit of the primary reducing valve is closed by a 
valve on which presses the lower end of the lever (SD), whose 
upper end is maintained by a spring having a loading of 
thirty grains so that it presses against the inner surface of 
a large rubberized membrane (GM) of which the outer sur- 
face is directly in contact with the water (in order to protect 
it, it is covered with a brass casing pierced with numerous 
holes). Through the mouthpiece (E), the secondary reducing 
valve (DT) delivers the air through the breathing tube (TA) 
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to the diver's mouth. As soon as he breathes in, he attracts 
the membrane (GM) inward (if he descends into the water 
the pressure of the latter acts in the same direction, since 
it has become greater than the internal pressure in the breath- 
ing chamber) thus operating the valve (SD), which opens 
and lets the air from the primary reducing valve, air at a 
pressure of 350 pounds per square inch, pass through into 
the breathing chamber, where it is available for the diver 
to use. Even if he does not breathe in, it is sufficient for 
him to descend to one and one-half inches below the surface 
for the pressure of the water, pushing on the membrane of 
the secondary reducing valve, to play the same role as the 
physiological movements of respiration: the valve opens, the 
air under pressure passes through and remains at the diver's 
disposal for the needs to come. Air is consequently always 
available at the correct pressure (that of the surrounding 
water) and its output is proportional to the demand. As for 
the expired air, it is eliminated by a method that has already 
been explained, through a duck-bill valve so designed that 
it does not permit the entry of water. The exit of the vitiated 
air takes place at the same level as that of the membrane 
(GM) of the secondary reducing valve. The sensitiveness of 
the reducing valve being such that a fall in pressure of barely 
two ounces per square inch is sufficient to cause it to deliver 
some of the air from the cylinders, the latter would empty 
by themselves once they started if the duck-bill were situ- 
ated at a level two inches higher than the membrane. This 
identity of level is of fundamental practical importance. It 
is because he at first ignored it that Cousteau, during his 
original trial, saw his air escape when his head was upper- 
most, while when his head was lower than the rest of his 
body his air supply stopped. United under the same cover, 
the reducing valve, the large membrane, and the duck-bill 
have different functions but a parallel existence. Lastly, the 
fact that the exit for the evacuation of the expired air is at 
the back prevents the swimmer from being in any way ham- 
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pered by the presence of a continuous stream of bubbles 
passing in front of his mask (Fig. 19). 




Fig. 19 

Mechanism of 

Gousteau-Gagnan two-stage 

reducing valve 



It remains to describe the method by which the diver is 
assured of having a reserve supply of air. The alarm system 
is neither visual nor audiory, but kinesthetic: when at a 
certain moment the diver experiences increasing difficulty 
in breathing, he knows that it is time to turn on his reserve. 
Why does he get this warning sensation of discomfort? Be- 
cause there is, at the upper end of each cylinder, a spring 
whose loading is sufficient to resist pressures up to 350 or 
400 pounds per square inch; above this pressure the spring 
is compressed. Immediately beneath the lower end of the 
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spring Is an obturator in the shape of a metal ball; spring 
and ball lie in the narrow canal leading from the main 
cavity of the cylinder toward the exterior. As soon as the 
diver has used up nine-tenths of his air, that is to say when 
there are only 100 to 150 liters left in the cylinder, the 
pressure inside the latter falls to a point where it is no 
longer sufficient to keep the spring compressed; the latter 
expands, pushing the metal ball into the narrower lower 
end of the canal, thus cutting off the flow of air from the 



Fig. 20 

Mechanism o Cousteau-Gagnan 
emergency supply 





cylinder. The diver, warned, has only to screw up the lower 
tap, which is a reserve or security tap (Ri). By so doing, he 
causes a long stem (TP), which traverses the length of the 
cylinder, to advance and push the ball upward again, out 
of the narrow part of the canal, compressing the spring once 
more. Air can again pass through the neck of the cylinder 
into the reducing valve. The 100 to 150 liters that remain 
are sufficient, of course, to allow the diver to ascend from 
whatever depth he has reached, within present limits 
(Fig. 20). 
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In its present form, the Cousteau-Gagnan breathing appa- 
ratus is extremely sturdy, easy to handle, and quickly mas- 
tered by the beginner. It does not, however, permit the use 
of a microphone, and in most underwater work the lack 
of any liaison with the surface can be extremely awkward. 10 
A criticism that can be made is that it sacrifices safety to 
economy. In the Le Prieur mask, which encloses the whole 
face, the air arrives continuously, and in the case of faint- 
ing or malaise on the part of the diver, asphyxia does not 
necessarily occur. In the Cousteau-Gagnan, which comprises 
only a pair of goggles enclosing the eyes and the nose and 
a mouthpiece supplying air on demand, syncope or loss of 
consciousness of the diver for any reason is almost certain 
to be fatal if it should happen at a considerable depth. 
Though regrettably there have been a few fatal casualties 
(Maurice Fargues in September, 1947, immediately after he 
had achieved the world record for free diving with 425 feet; 
Abel Ferry in the Seine in 1948; Alain Justoma in April, 
1952, in the water off Banyuls, and more recently, Servanti, 
off Marseillethe exact causes of their deaths being in fact 
impossible to elucidate) it is only fair to emphasize the fact 
that out of the thousands of divers using the Cousteau- 
Gagnan, and the tens of thousands of dives that have been 



1 We must mention, however, that the divers of the Underwater Research 
Group often used an amusing device: a "submarine telephone box." This is a 
fairly large bell supplied with compressed air; inside are a powerful electric 
bulb and a microphone, the whole being connected with the surface. The bell 
is submerged to about thirty feet above the place where the independent diver 
is working. Air is delivered to the bell at a pressure sufficient to counteract 
that of the water. When the diver has something of importance to tell those 
on the surface, he goes up to the bell, puts his head into the atmosphere it 
contains, relinquishes his mouthpiece, and speaks. Even better, suppose he 
needs some active assistance, for instance from a helmeted diver working in the 
vicinity. He asks to be "put through." On board the Elie-Monnier, the ship 
belonging to the Underwater Research Group, there is a switchboard, and 
since the helmeted diver remains constantly connected to it by his direct wire 
and his helmet microphone, it is only a matter of the switchboard operator 
putting in the necessary plugs for the free diver to be able to talk with his 
colleague. The electric bulb permits the "telephone box" to be located from a 
fairly good distance away. 
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made, the percentage of accidents Is a very minute one, and 
none of them was caused by failure of the apparatus. The 
Club Alpin Sous-Marin of Cannes, the number of whose 
outings in which the apparatus was used considerably ex- 
ceeds six thousand, has a clean record as regards accidents. 11 
We may therefore conclude that, on condition that the out- 
side limit of 230 to 250 feet is not exceeded, the use of this 
breathing apparatus is practically devoid of danger. 12 

5. Extreme Depths 

Man is an insatiable creature. It is only recently that he 
has penetrated the secret of the seas: his erstwhile great 
enemy now welcomes him Into her bosom. There he can 
breathe for hours, without fear, without weight, moving 
freely among the host of the fish and living like them. He 
no longer fears the Kraken, the Maelstrom, or the ferocious 
divinities who rule the undersea kingdom. But still he is 
not satisfied. Tempted now by those glaucous blue depths, 
which seem so infinite and so attractive, he seeks to chal- 
lenge their mystery, to violate with his presence the unex- 
plored abysses of Neptune's stronghold. 

And so he invents new forms of apparatus. 

A. Rigid Diving Suits 

In reality, these do not constitute a true invention. They 
are but extensions of an old principle; the inventor pursues 
to Its logical conclusion the principle involved in the tradi- 
tional diving suit. In the latter the head alone was impris- 
oned in a resistant metal helmet; here the whole body Is 
inserted into a monstrous carapace with metal articulations* 



11 The club had its first victim, an English tourist, in June, 1953* 

12 Even more so with the last model. When the pressure inside the cylinder 
has fallen below twenty atmospheres, the diver passes automatically onto the 
reserve, but he can receive air only by dint of diminishing the outside pres- 
sure, that is to say by ascending. The diving suit is also fitted with a breathing 
tube, which the diver puts to his mouth as soon as he arrives at the surface. 
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thus relating man to the ancient knights girded about with 
their armor. To this type belong the Neufeld und Kiihnke 
suits (which permit descents to 500 feet, and are equipped 
with an air-purifying system), the J. S. Peress, and the Ro- 
berto Galeazzi Hanseatische Apparatabau 13 ; they are mainly 
used in the salvaging or the dismantling of sunken wrecks. 
However their usefulness is limited in practice, as the great 
pressures encountered eventually prevent the functioning of 
the metal articulations. Thus it is only theoretically that such 
devices can descend to 650 feet. 

B. Flexible Diving Suits with Special Respiratory 
Mixtures 

Using a synthetic mixture in which hydrogen replaced nitro- 
gen, Arne Zetterstrom, a twenty-eight-year-old Swedish engi- 
neer, was able to descend to 525 feet, on August 7, 1945, at 
the extreme south of the Stockholm archipelago, in the 
Baltic. Actually the procedure necessitates using a transi- 
tional gas, hydrogen being respirable only at a certain pres- 
sure. Having achieved his world record, the young Swedish 
diver was waiting at 130 feet from the surface for his period 
of decompression to end, when the winch situated on the 
Belos, a ship of the Swedish navy, went out of control and 
started racing, causing him to surface in a few seconds. He 
died soon afterward. 

Nohl was able to reach 422 feet in fresh water (which cor- 
responds to 409 in salty water) with a special diving suit 
supplied with helium. 

The American Jack Brown made a record "dive" of 540 
feet, which, however, was a theoretical descent and took 
place in a tank used for carrying out mock dives, a true 



13 Before them were: the apparatus of Restucci (Italy, 1904); MacGregor 
(Queensland, 1906); Durand and Bembina (Italy, 1912); Pavis (Great Britain, 
1912); MacDuffie (U.S.A., 1914); Long (U.S.A., 1917); De Graaf (Russia, 1918); 
Campos (Mexico, 1919); Jackson (U.S.A., 1920); and many others. 
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hydropneumatic caisson in which the nitrogen of the air was 
replaced by a light gas such as helium. 

The Englishman William Bollard holds the real world's 
record for a diver wearing helmet and flexible suit. His 
performance was made possible thanks to the use of a light 
gas mixture. He reached a depth of 540 feet, his body vul- 
nerable, clad in a flexible suit, a performance that must be 
regarded as prodigious. The general public can have no 
conception of what such a figure represents in the way of 
preparation, organization, apparatus, difficulties, and dangers. 
Perhaps it might not be amiss to examine briefly the details 
involved in such an exploit. It was from the Reclaim,, a 
ship specially equipped for submarine salvage (the same one 
that located the sunken submarine Affray) that Bollard made 
his dive. The calm waters of Loch Fyne, off the port of 
Trabert, in Scotland, had been chosen. 

In August, 1948, at 9:21 A.M., Lieutenant-Commander J. 
N. Bathurst gave the signal for the dive to commence. Bol- 
lard, clothed in a simple watertight suit, his head protected 
only by a metal helmet, entered the water. During the pre- 
vious twelve months a hundred dives had preceded this 
attempt at a record; the training had been progressive, 
minutely planned, and methodical, and everything had been 
taken into consideration; on the great day a quiet optimism 
reigned. Above, on the ship, Quartermaster Clements could 
follow the progress of the descent as recorded by dials. It 
was he who was responsible for the supply of the requisite 
air at the appropriate pressure, this air supply being con- 
tained in a number of cylinders compressed at 150 atmos- 
pheres. One minute and thirty seconds after submersion, the 
needle of the indicator registered a depth of 180 feet. Bollard 
announced by telephone his arrival at the caisson. (This is 
a necessary stage in all extreme dives, essential and delicate. 
The diver has to change atmospheres in a watertight caisson.) 
The latter was maintained at a depth of 180 feet by stout 
chains. An assistant waited there for the arrival of the diver. 
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From the boat, air was pumped at a pressure sufficient to 
counterbalance that of the surrounding water. The assistant 
removed the diver's helmet. A prefabricated atmosphere was 
then pumped in: oxygen and helium, and no longer oxygen 
and nitrogen. For three quarters of an hour Bollard "deni- 
trogenized" himself (helium, a light and inert gas, dissolves 
only very slightly in the blood and fatty tissues, as opposed 
to nitrogen). Bollard's voice, transmitted by telephone, 
changed his enunciation became slower, the tone of his 
voice nasal. Above, on the Reclaim, the specialists and the 
doctors knew then that the diver's organism had reached 
the point of saturation with helium. An order: "Stand by 
to continue the dive!" ... A short interval, then: "Continue 
the dive!" 

Now Lieutenant Wardle takes over the command and the 
responsibility for the operations. At 360 feet, he gives Bollard 
a test: "How much do 703 and 164 make?" Bollard answers, 
"867." The lieutenant reduces the oxygen in the mixture; 
the diver is now breathing almost pure helium. The partial 
pressure of oxygen must never exceed 15 pounds per square 
inch, and consequently, as it is proportional to the outside 
pressure, the percentage of oxygen in the mixture must con- 
stantly be decreased, otherwise the symptoms of oxygen poi- 
soning would set in: twitching of the lips, sweating, nar- 
rowing of the visual field, sudden blindness, epileptiform 
convulsions. The needle continues to indicate the depth: 450, 
480, 540 feet. All the records are broken. Bollard, under 
the astonishing pressure of 270 pounds per square inch, that 
Is to say 285 tons, manipulates the iron pigs submerged at 
this depth by the Reclaim. "What are your impressions?" 
he is asked. "I could go deeper, but my fingers feel dead." 
For five minutes the man's life hangs suspended by 540 feet 
of rubber. At last he asks to be brought up. 

Now began the most trying part of the dive: he was hauled 
up to 260 feet, then there was a seven minutes' pause; 50 
feet higher another pause. At 1 80 feet he reached the caisson 
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and entered it. Quickly the assistants removed his helmet. 
The caisson was slowly hauled toward the surface, with a 
pause every ten feet. At 60 feet from the surface, pure oxygen 
was supplied for a short time. "All right?" "Yes, but I feel 
weak." At 30 feet from the surface (three hours and ten 
minutes after entering the water) the assistant yelled, "Quick, 
quick, haul up, he is having an epileptic fit, he is writhing 
with pain!" The caisson was hastily brought on board. The 
compressed oxygen was affecting the nervous system of the 
diver. He was immediately put into the decompression cham- 
ber under a pressure corresponding to 80 feet, and was per- 
mitted to return gradually to atmospheric pressure in three 
hours twenty minutes. Bollard emerged from his ordeal alive 
but completely exhausted. It took some little time for him 
to return to normal. 

He had descended, to the greater glory of the British navy, 
to 540 feet, in seven and a half minutes . . . and he had come 
up in six hours and twenty-nine minutes. 

It is good that the public should know about that obscure 
devotion that underlies, in the last analysis, those improve- 
ments and that progress that it will eventually use in one 
guise or another, in a future that is nearer than one might 
think. 

C. Observation Chambers 

These may be simple vertical cylinders which are lowered at 
the end of a cable to depths greater than six hundred feet. 
They can be laid on the bottom, and in case of rupture of the 
cable or of some defect or accident to the air system, they 
are able to surface on their own by jettisoning ballast. 
Whether in the case of the Siebe, Gorman model or the 
Gal^azzi, the occupant often has a very trying time of it. 
Sealed up in a narrow space, in a confined atmosphere, gen- 
erally breathing with a closed-circuit apparatus, and above all 
at the mercy of sudden upward or downward jerks caused by 
the movements of the boat, the twisting of the cable, the 
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effects of the currents, it Is difficult for an observer to stick 
it for more than an hour. Connected with the boat by tele- 
phone, his mission is to study and appraise the situation, 
which is generally connected with the salvage of wrecks. He 
may, by his instructions, direct a helmeted diver. The success- 
ful enterprises of the Artiglio are due to a large extent to 
observation chambers. 

This kind of apparatus may be more complicated; the walls 
of the chamber may be made thicker and numerous other 
improvements incorporated, as in the case of those celebrated 
devices for exploration of the abysses, the bathyspheres and 
bathyscaphes. 

(a) William Beebe's bathysphere. Director of the Depart- 
ment of Tropical Research at the New York Zoological So- 
ciety, Beebe is an enthusiast where submarine matters are 
concerned. In the book in which he describes his expedi- 
tions, he recommends that everyone before he dies should 
manage to beg, borrow, or steal some sort of apparatus that 
will enable him to know the submarine depths! 

In 1934, he reached a depth of 2740 feet with his famous 
steel sphere, and later on, 2989 feet. Lastly, with Dr. Otis 
Barton, a member of the same Zoological Society, he reached 
the lowest point to which man had so far attained: 3045 feet. 
His steel sphere weighed about two tons and had a diam- 
eter of four feet nine inches, while its walls were one and a 
half inches thick. Three quartz viewing ports, eight inches 
in diameter and three inches in thickness, ensured excellent 
visibility. Lastly, a cable 4000 feet long supported the mon- 
strous sphere. 

Beebe has related his experiences in a fascinating book, 
which can be recommended even to those who are not par- 
ticularly interested in submarine questions. The diver was, 
the whole time, connected by telephone to a stenographer, 
and he kept up a running commentary of his experiences and 
feelings. Bottles of compressed air ensured to him a supply 
of breathable air, while the carbon dioxide and the water 
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vapor were absorbed by calcium chloride and soda lime. 
There was no way of avoiding the very unpleasant twisting 
and rolling, but above all it was the cold from which Beebe 
suffered in the most distressing way. 

(b) Professor Piccard's bathyscaphe. In 1948, Professor 
Piccard, famous for his ascents into the stratosphere, and his 
assistant Max Cosyns attempted to descend to a great depth 
near the Isle of Boavista, off Cape Verde, but on very differ- 
ent principles. Professor Piccard's bathyscaphe is in reality 
a submarine dirigible, and no longer, as was the bathysphere, 
a monstrous sounding lead with human occupants. The na- 
celle of this dirigible consists of a steel sphere seven feet in 
diameter and four inches thick, having the enormous weight 
of ten tons. Two diametrically opposed viewing ports, above 
and below, in plexiglass six inches thick, provide for vision 
under the water. Two lateral propellers driven by electricity 
can propel the sphere within a radius of about twelve miles. 
There are two external projectors, fitted with very high-power 
bulbs, each of five thousand candle power. All the accessories 
are fixed to the outside of the dirigible by electromagnets: if 
the power is cut off from the inside they are at once liberated. 

The dirigible proper consists of seven reservoirs, which 
contain a total of nearly ten thousand gallons of gasoline. 
Since the specific gravity of gasoline is less than that of water, 
this part of the apparatus constitutes an immense float, which 
is able to support the sphere. Twelve blocks of concrete, 
each weighing three hundred pounds, are fixed underneath 
the reservoir at the moment of immersion, thus causing the 
bathyscaphe to sink. This concrete can be jettisoned in part. 
In order to stop at the required depth, iron shot is released 
when needed; all that is necessary is for the current supply- 
ing an electromagnet to be switched off, and a hundred 
pounds of iron shot will sink every minute. Should the ob- 
server wish to continue the descent, he operates a mechanism 
that releases a certain amount of gasoline, allowing it to be 
replaced immediately by water, which is heavier. By these 
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means, the control of ascent or descent becomes a relatively 
simple matter. When the time comes for surfacing, the masses 
of concrete can be jettisoned. In case of an unexpected acci- 
dent, Piccard provides a safety ballast. This ballast is simply 
the battery of accumulators, which weighs just over a ton; 
it also is held in contact with the float by an electromagnet, 
and if by ill chance the most serious accident, viz. the inter- 
ruption of the current, should take place, the automatic lib- 
eration of the batteries is its corollary. Relieved of a ton of 
ballast, the bathyscaphe ascends. A guide chain dangling from 
the underside of the sphere permits the latter, once it has 
reached the bottom, to maneuver immediately above it with 
ease and certainty. 

Sponsored and financed by the F.N.R.S. (Fonds National 
de Recherches Scientifiques, the Belgium Scientific Research 
Fund) the expedition requested the collaboration of a team 
of French experts. These were Claude Francis-Boeuf, an 
oceanographer, Th. Monod, a biologist, and the Underwater 
Research Group of Toulon, whose ship, the Elie-Monnier, 
together with the Scaldis, which was entrusted with the trans- 
port of the massive apparatus, accompanied the expedition. 

The reader will be aware that the expedition was unfortu- 
nate. Professor Piccard had not considered sufficiently certain 
practical aspects of the experiment: the launching of the 
bathyscaphe turned out to be extremely difficult, becoming 
frankly dangerous in a heavy sea. Thus a fairly strong swell 
caused serious damage to the reservoir, and as we shall see 
later on,, there were other practical reasons that were respon- 
sible for the failure of the attempt. 

Nevertheless the fact remains that the bathyscaphe, im- 
mersed without passengers, descended to a depth of 4880 feet, 
coming up again of its own accord, thus proving that the 
principles governing its construction were perfectly valid. 

(c) Dr. Otis Barton's benthoscope. One of the most recent 
attempts to wrest their secrets from the depths dates from 
August 17, 1949. It was directed by Dr. Otis Barton, who, 
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aged forty-eight at the time, was just as enthusiastic as his 
senior colleague William Beebe, and like the latter was at- 
tached to the tropical section of the New York Zoological 
Society. He was to become, after reaching with his bentho- 
scope a depth of 4520 feet In the waters of the Pacific, near 
Santa Cruz, California, the "lowest man in the world/' 

His steel sphere, similar to Beebe's, weighed three and a 
half tons in air, measured five feet diameter, while its walls 
were three inches thick. A narrow opening, fourteen inches 
wide, allowed the observer if he was not too stout to slip 
inside. Quartz viewing ports three inches thick provided for 
external vision. A plaited steel cable flanked by a telephone 
wire connected the prisoner with the boat, the Valero II of 
the American navy. 

Barton also met with quite a number of difficulties. During 
one of his tests, an electrical accident that upset the ventila- 
tion system compelled him to ascend urgently, half-asphyxi- 
ated. During his main attempt, he was faced at 4125 feet 
with a complete electrical breakdown. The projectors, which 
allowed him to see for a distance of not more than twenty 
to thirty feet, suddenly faild. One can easily imagine the par- 
ticularly alarming nature of an experience of that sort under 
such conditions and at such a depth. Barton carried on talk- 
ing and dictating in absolute darkness; he asked that not- 
withstanding this catastrophe the winch should be allowed to 
continue unwinding and the descent to proceed. His silence, 
it was agreed, were it to last for more than three seconds, 
was to bring about, ipso facto and without delay, his rapid 
ascent. He had in this way the courage to descend into the 
inhuman darkness of the abyss for a further four hundred 
interminable feet. Eventually, however, it became too much 
for his nerves, as well as for his physical resistance. The cold 
was getting intolerable, and his anxiety exceeded the limits 
that the human nervous system can stand; lastly, his experi- 
ment no longer had any meaning, since it was taking place 
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In complete darkness, which robbed It of its experimental 
Interest. 

Beebe's and Barton's attempts had been the only ones to 
throw a brief but Intense light upon the life of the abysses 
as observed directly. The dangers of such expeditions, how- 
ever, appeared to be immense: should the period of oscilla- 
tion of the cable happen to enter into resonance with the 
period of the boat's rolling, the swing would be greatly in- 
creased, and the cable might break at any moment; should 
the slightest leak occur, it would, as we can well imagine, 
result in utter catastrophe; should a tempest suddenly break 
out on the surface, the crew of the ship would have neither 
the time nor the means to bring the sphere up sufficiently 
quickly. 

(d) The new bathyscaphes: the "F.N.R.S. III" and the 
"Trieste." If is for the foregoing reasons that a return was 
made to the principle of Piccard's autonomous submarine 
balloon, which, although It was left to its own devices once 
It had disappeared below the waves, seemed paradoxically 
enough to be safer. 

The old bathyscaphe, which had known defeat in Dakar, 
had been entrusted by the Belgian Scientific Research Fund, 
with the consent of Professor Piccard, to the French navy. 
The specialists of the naval dockyard at Toulon had ex- 
amined its mechanism: Engineer Lieutenant Commander 
Gempff, as well as Engineer Lieutenant Willm, had proposed 
and then carried out certain practical modifications. Under 
Commander Huot's control and direction, the Undersea 
Research Group had performed a number of tests, and a 
crane weighing fifty tons had refloated the enormous appa- 
ratus in the south dock Vauban of the port of Toulon. 

In October, 1950, an agreement had been signed between 
the French navy, the Belgian Scientific Research Fund, the 
French National Center for Scientific Research (the Centre 
National de la Recherche Scientifique, or C.N.R.S.) and the 
French Center for Oceanographical Research and Study (the 
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Centre de Recherches et d'Etudes Oceanographiques, or 
C.R.E.O.). By the terms of this agreement, It was agreed that 
the trials should be carried out by France and her experts, 
with Professor Piccard's and Max Cosyns' technical collabo- 
ration (in fact this collaboration ended In February, 1952) 
and in the event of the new experimenters succeeding in 
reaching great depths during each of three successive dives, 
the bathyscaphe (which was from then on to be called the 
F.N.R.S. III) 14 would definitely belong to France. 

The reader knows the rest. On August 5, 1953, off Cape 
Cepet, the F.R.N.S. III descended empty to 4950 feet, with- 
out any hitch; on August 6 it reached 2475 feet with two pas- 
sengers; on August 14 It dived to 5115 feet; and lastly, two 
days later, the bathyscaphe reached the lowest point ever 
attained by man: 6930 feet! 

I have recounted elsewhere the incredible adventure. 15 It 
was beset by so many strange events, wonderful and well-nigh 
incredible; it provokes so many reflections, poses such diverse 
questions, and to sum it up, to such a degree was it "out of 
this world," that my readers will, I am sure, not bear me a 
grudge if I dwell on it for a short time, and transcribe here 
the narration I have given of it in anecdotal form: 

Two men stand in the new bathyscaphe, the F.N.R.S. HI. 
They are not in the least nervous: they have already dived, 
once to 2475 feet and the day before yesterday to 5115 feet. 
They are getting used to it. Both of them slender, their fea- 
tures are equally energetic. One is Lieutenant Commander 
Huot, who directs the Undersea Research Group of Toulon, 
created in 1945 at Captain Cousteau's request; he has care- 
fully supervised the preparation of "Operation Bathyscaphe/' 
and he is proud to have been able to capture for France the 



14 The F.N.R.S. I had taken Professor Piccard into the stratosphere. The 
F.N.R.S. II met with failure in Dakar, and the F.N.RS. Ill was, at last, to 
bring about the triumphant vindication of Piccard's ideas and realize the old 
dream of the conquest and the penetration of the abysses. 

^sooo metres sous les mers, "Point de vue-Images du Monde," Number 
273* August 27, 1953. 
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first record for a submarine descent with the 5115 feet reached 
by the apparatus the day before yesterday. His assistant Is 
Engineer Lieutenant Willm. A pair of dark-framed glasses 
adds to the serious mien of his bony face. It Is he who has 
carried to completion the new plans for the bathyscaphe, 
drawn up by Engineer Lieutenant Commander GempfL 

"Willm, will you check the voltage of the battery?" 

"Chockablock, sir: twenty-eight volts." 

"The hygrometric percentage?" 

"O.K.; I checked the soda lime myself before we started." 

Inside the steel sphere, the two men enjoy only a limited 
freedom of action. From one side to the other the greatest 
width Is only a little more than six feet, and the measuring 
instruments encroach further upon the interior. Lieutenant 
Commander Huot looks through the plexiglass porthole. The 
flood lamps have not yet been lit. The sphere descends slowly, 
and the daylight is still quite sufficient. Willm has taken up 
his post in front of the instrument panel. 

"Something interesting, sir?" 

"Nothing yet. Tell ine, Willm, have you any Idea of what 
happened at the beginning of submersion?" 

Earlier, the bathyscaphe, under the bright sun of the Medi- 
terranean, refused to sink. The entry port of the metal sphere 
had been bolted. In the distance one could vaguely see the 
outline of Cape Cepet, which a slightly ruffled sea edged 
with white foam. The crew of the Elie-Monnier were wait- 
ing, leaning on the rails, filled with emotions as intense as on 
the two previous occasions, for the moments of submersion. 
Since twenty minutes to eight, the two men had been locked 
in their spherical prison. . . . 

"Stand by for descent!" 

"Aye, aye, sir!" 

The lock had been opened. The sea water, entering the 
central reservoir known as the "compensating reservoir," was 
supposed to compress the gasoline to a certain extent and 
to weigh down the apparatus as more and more water en- 
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tered, thus starting the descent. The float, however, had re- 
mained placidly on the surface. Quite a while ago, the frog- 
men of the Undersea Research Group had removed the slings 
encircling the sphere, the naval surgeon Carrobou had di- 
rected the operation of fixing the guide chain . . . and the 
apparatus was still afloat. Three men, then four, had climbed 
onto the sort of small submarine that constituted the float. 
At last, at 9:50 A.M., after more than half an hour of en- 
deavor, the bathyscaphe had decided to descend slowly. The 
four men, an unexpected human ballast, had left it only 
when the sea water reached to their chins. 

"What do you think of it, Willm?" Commander Huot 
asked again. 

"Well, sir, I suppose it is possible that, in spite of all our 
precautions, the figures for the weight of the total apparatus 
were not quite accurate, or maybe the problem o the density 
of the gasoline should be reviewed and its compressibility 
increased/* 

A silence. The two men think. The feeble light that enters 
through the plexiglass porthole diminishes still further. 
Willm announces the depth: five hundred feet, and the inside 
temperature: 16 degrees Centigrade. The sphere glides into 
the glaucous semidarkness, into the dusky blue of the depths. 
The only sound is the slight hissing of the compressed-air 
apparatus, which dispenses life for twenty-four hours only 
to these two men, imprisoned by their own choice. 

A shadowy form glides past the porthole. 

"Put the searchlights on, Willm." 

A halo of light forms in front of the eyes of the two men. 
They can see only poorly. The organic suspensions, the 
plankton, form a haze made up of myriads of corpuscles that 
polarize the light and reflect it, producing only a diffuse glow. 

"Those jury flood lamps aren't much good, sir/' Willm 
comments. "It ought to be a jolly sight clearer when we get 
those one-thousand-watt lamps we're waiting for." 

The three dives that the bathyscaphe has just made were 
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purely experimental. The apparatus is not yet in its final 
form, the form in which the French navy would like to give it 
to the scientific world. These are preliminary exercises, car- 
ried out for reasons of safety and technical experimentation. 
In the sphere where the two men are confined there is neither 
sufficient light nor any automatic cameras not even ordinary 
ones, for that matter. Neither is there any supersonic appa- 
ratus to enable the men to communicate with the surface. 
Comfort is of a very rudimentary order. 

Up on the surface, the Elie-Monnier has taken up a posi- 
tion just above the very spot from which the bathyscaphe 
disappeared. The ultrasonic sounding apparatus has been put 
into operation. On the long, slowly moving strip of electro- 
lytic paper the echo inscribes itself. The pencil of waves 
stabs downward into the sea, meets the "unfatiguable" steel 
hull, which reflects them back to the ship, where they faith- 
fully indicate the depth reached: 300, 400, 500 feet, says the 
echo. Then, at 10:00 A.M., the recorded depth suddenly 
jumps to 7600 feet. . . . The officers look blankly at each 
other; that is the bottom of the sea, according to the bathy- 
metric charts, and moreover one of the most deeply situated 
bottoms in the whole Mediterranean! It means that the pen- 
cil of ultrasonic waves has lost the lonely sphere; the bathy- 
scaphe no longer lies in their path; from now on, the two 
men imprisoned in their steel cell are cut off: from the world. 
Still they glide downward toward the immense depths, left 
to their own devices, at the mercy of steel and water, aban- 
doned to their fate. 

On board the Elie-Monnier a certain degree of anxiety 
becomes apparent; a long, anxious wait is about to begin. 

Below, the men have no suspicion of the apprehension 
they are causing to those above. Smoothly, inexorably, the 
apparatus continues to descend into the depths. 

"Fifteen hundred feet/' announces Willm. 

"Accelerate the descent, will you please," orders Com- 
mander Huot; "at this rate, we shall be here for ever." 
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The engineer manipulates a hand lever; a little gasoline 
is going to escape, to be replaced immediately by sea water, 
which, being heavier, will increase the total weight of the 
bathyscaphe. Sure enough the vertical speed indicator, which 
registered fifty-six feet per minute, moves to sixty-six, then 
seventy-three. The speed should increase automatically as 
soon as the descent begins, according to the calculations. 

The obscurity of the depths is by now total. The last 
vestiges of luminous rays scarcely penetrate lower than 2000 
feet. Vegetable life cannot, therefore, exist any lower. Lower 
down it is utter and complete night, a night that has lasted 
for millions of years, and that has never been pierced by any 
man-made artificial light. The searchlights violate that eter- 
nal darkness. . . . 

"We can see much better now," remarks Willm. 

In front of the portholes, hundreds of abyssal crustaceans 
and mollusks congregate. Strange figures these, with enor- 
mous legs copepods, schizopods, which form the basic food 
of all those beasts, small and big, whose home is the marine 
abyss. Nearly all are luminous. Their impact on the glass 
pane releases a sort of fluorescent fire, a spray of flamboyant 
sparks. It is a strange and fascinating spectacle, from which 
the two men find it difficult to tear themselves. 

"Look . . . there!" 

A translucent animal, a medusa very probably, a double 
orange-colored spiral as big as a table, passes in front of 
the pane. Its gelatinous organs contract and expand, and the 
light they radiate fluctuates rhythmically, like a pulsating 
hallucination. The sphere, descending still, leaves the weird 
creature far behind, but still the two men see that night- 
marish pulsation in front of their eyes. 

The bombardment of "shooting stars," the swarm of lu- 
minous points is not confined to the plexiglass. For the 
space of a second Commander Huot has caught a glimpse of 
an abyssal carnivore, its mouth, with teeth of enormous size 
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for so small a body, widely open, swallowing a red abyssal 
shrimp (probably Ultimostomias mirabilis). 

"Fifty-one fifty feet!" Willm's voice vibrates lightly with 
pride as he announces the figure. 

The record made two days ago has indeed just been 
broken. Never before have human beings reached such 
depths. The sphere seems to have decided to go on sinking 
forever into a bottomless abyss; its smooth and noiseless pas- 
sage through this inhuman universe has something unbear- 
able about It. 

"Temperature 61 degrees." 

For some time now, the men have been expecting to have 
to steel themselves against a gradually increasing, all-pervad- 
ing cold. They have clothed themselves warmly against this 
contingency; they will, in fact, have no difficulty In withstand- 
ing the cold, which was alleged to be glacial, of the abyss. The 
depth indicator registers astonishing figures: 5600, 5900, 6250 
feet. At 6500 feet an irrational foreboding grips the two men's 
hearts. What if the sphere refused to ascend? What if the cal- 
culations proved to be wrong, if the formidable pressure pul- 
verized the plexiglass? Though he knows quite well that the 
safety factor of the apparatus is 4, and that therefore this 
sphere, designed to reach some 13,000 feet, could withstand 
pressures of 50,000 feet, Commander Huot cannot help feel- 
ing a gnawing fear. The stoutest of hearts might be excused 
a temporary quailing at a depth of over a mile, in the eternal 
night of the waters! If there is a tremor in his voice, it is a 
hardly perceptible one when the head of the expedition an- 
nounces, "Right, Willm, cast off a little shot; we are going to 
hold this depth for a while." 

The engineer cuts a circuit. Current ceases to flow to a par- 
ticular electromagnet. Somewhere above their heads a reser- 
voir allows a little steel shot to escape into the sea. The 
vertical speed indicator announces forty, thirty, twenty-five 
feet . . . until, without a suspicion of a jerk, the men become 
aware that their strange craft has ceased to descend. A docile 
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submarine lift, the bathyscaphe has responded to the move- 
ment of a small hand lever as surely as a Waygood-Otis to the 
pressure of the fifth-floor button. 

"Sixty-nine thirty feet!" Willm announces victoriously. 
"Temperature 57 degrees." 

"We should be touching the bottom. Can you see the guide 
chain?" 

"Absolutely impossible, sir." 

It is 11:32 A.M For an hour and forty-two minutes the two 
men have been making an exhausting journey into the sub- 
marine abyss. They are beginning to experience an intoler- 
able nervous tension. More than a mile above their heads are 
the sun, the air, life as they have always known it. Will they 
ever return to it again? They know that below them, at the 
end of forty feet of an ordinary steel wire, seven hundred 
pounds of metal forms a guide chain which is supposed to 
catch onto the irregularities of the ocean bed. Their craft, 
however, does not exhibit any jolting or bumping (how in- 
adequate are the usual words, when applied to such extraor- 
dinary circumstances!). 

"Willm, we're going up top. The experiment is conclusive 
enough, isn't it?" 

"I think so, sir." 

The monstrous steel ball floats, scarcely stirred by the 
feeble submarine current, at the antipodes of the sun, like 
some fantastic inhabitant of the seas. Are you impressed, 
shade of Jules Verne? The most sensational performances of 
the Nautilus are surpassed. At a depth of seven thousand feet, 
each square inch of the bathyscaphe supports nearly one and 
a half tons, while the 148 square feet of its surface are being 
crushed by the incredible pressure of 29,000 tons! And at the 
center of this terrifying force, separated from it by only 
three and one-half inches of steel and a minute film of air, 
are two men with the feeble lungs of terrestrial vertebrates 
and ridiculously frail hearts. Already Willm has cut another 
electrical circuit. From another reservoir the lead shot pours 
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quickly out. Freed from this comparatively small weight, the 
enormous sphere, after a few slight oscillations, begins to rise. 
Its speed of ascent is from then on going to increase. 

"Stop, that's enough; we are going up, Willm." 

The voice is clear. The anxiety has disappeared; those few 
inches of ascent have banished all worry. The calculations are 
good, the bathyscaphe is a docile, a magnificent instrument. 
It will not be necessary to jettison the blocks of concrete or 
the final resort the 2600 pounds of the outside batteries. 

For one hour and four minutes, with slowly accelerating 
velocity, the bathyscaphe is going to return to the light. 
Gradually the men have become warmer. The certainty of 
their victory makes their eyes shine. At 12:36 P.M. the float 
bursts through the surface. The anxiety of the crew of the 
Elie-Monnier disappears. By telephone, Commander Huot 
announces the complete success of the experiment. A triple 
hurrah rises from the boat. The F.N.RS. Ill has reached the 
lowest point on the globe ever attained by man, and it is 
France who has led it to that conquest. 

It would be ridiculous to consider the remarkable per- 
formance of the bathyscaphe merely as a "record." Some have 
gone as far as drawing an ironical parallel between the de- 
scents to 100 and 130 feet made by Piccard's new apparatus, 
the Trieste, with the 6930 feet of Commander Huot. We even 
hear of the "war of the bathyscaphes/' Such a war will fortu- 
nately never break out. In a fortnight perhaps, maybe in a 
month, Castellamare's apparatus will descend to 13,000 feet 
or more off Capri. 16 Commander Huot and the men of the 
Undersea Research Group will rejoice. On both sides are 
men who have dedicated themselves to the task of penetrating 
the mystery of the depths, and who are not animated by any 
sterile feelings of jealousy for competitors. In the end, it is 
science alone that will be the victor; the experimenters of 
today and those of tomorrow wish to endow it with a per- 

16 1 was writing- this on August 27, 1953. A month later, as I foresaw, 
Professor Piccard reached, in his Trieste, a depth of 10,230 feet. 
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fected Instrument of observation, which will enable it to dis- 
cover those abyssal secrets that neither the nets, nor the 
dredges, nor the leads have so far revealed. 

Moreover, one must not forget that all the principles of 
Professor Piccard's bathyscaphe have been adhered to in 
this new model. It is still those revolutionary ideas in which 
he believed, to the amusement of the "specialists/ 1 that have 
been applied. The "free submarine balloon," owing its au- 
tonomy to the balance between the respective volumes of 
gasoline and sea water, was born in Professor Piccard's mind, 
and it is only fair to emphasize the fact. 

If the French F.N.R.S. III has succeeded magnificently 
where the Belgians failed in Dakar, it is because Professor 
Piccard is a man of learning, a savant, not a sailor and even 
less a practical man. In the Gulf of Guinea, the operation 
of launching the bathyscaphe into the waters nearly ended 
in disaster on several occasions. Does the reader realize the 
maneuvers entailed in launching an apparatus weighing ten 
tons in a heavy sea? It is actually a miracle that the hull of 
the Scaldis, the accompanying boat, was not smashed, and 
that no deaths resulted. Let us remind the reader that off 
Dakar the submarine explorers had necessarily to be locked 
into the sphere before the launching, and during the whole 
of the operation of putting to sea. Thus they remained in- 
side for fourteen hours before even starting the descent. One 
can easily imagine their state of mind and their fatigue! 

The immense achievement of the French navy is to have 
brought to these problems various practical solutions. The 
whole apparatus is now towed to the place chosen for the 
descent, so that there is therefore no longer any need for 
some extraordinarily powerful lifting mechanism. A hatch 
enables the experimenters to pass from the float into the 
sphere, so that they can embark at the very last minute, 
their nerves relaxed. Instead of setting them up in opposi- 
tion, let us then pay homage to the genius and the continued 
efforts of Professor Piccard and Commander Huot, and let 
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iis not be carried away by an unjust and unsportsmanlike 
chauvinism. 

It is widely supposed that the spherical free apparatus for 
submarine exploration, descending and ascending by its own 
means, is an innovation arising from Professor Piccard's orig- 
inal ideas. This is incorrect. 

As early as 1831, a Spaniard named Cervo had conceived 
the idea of a wooden sphere designed to descend into the 
depths and to ascend by jettisoning ballast. Its first dive was 
also, alas, its last; the pressure made the fragile material of 
the apparatus burst, and its inventor met his death in the 
very coffin he himself had built. 

Later on the Italian astronomer, Father Angelo Secchi, 
drew up the necessary plans for the construction of a sphere 
for submarine exploration. Probably with this in mind, an- 
other Italian, Balsamello, created the balla nauticain 1889. 
This was a sphere, seven feet in diameter, with cast-iron 
walls one and one-half inches thick, weighing five tons and 
possessing four portholes. Weights suspended on the outside 
started the descent; they could be cast off from the Inside, 
and the volume of the sphere was then sufficient to make it 
ascend. The apparatus included, moreover, a hand propeller 
for lateral motion and a rudder. Lastly, a grapnel was sus- 
pended at a distance of six feet below the heavy sphere. 
Those were, after all, the essential elements of the future 
bathyscaphe. In the spring of 1889, off Civita Vecchia, the 
balla nautica very successfully dived to 445, then to 545 feet, 
and came up. This, then, was a complete success and a really 
remarkable achievement for the time. There is no doubt that 
the Belgian expert, Cosyns, had meditated upon this triumph. 

Pietro Corzetto Vignot another Italian dived in 1896, 
at La Spezzia, in a sphere sixteen feet in diameter. A vertical 
funnel with an air lock made it possible to go from an upper 
compartment, with liquid ballast, to a lower chamber con- 
taining compressed air. Three persons remained eighteen 
hours under water with the inventor in such a machine. 
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Since that time, inventors seemed to have forgotten the 
principle of the free submarine sphere. They returned to 
the suspending cable, the disadvantages of which leap to the 
eye. Count Piatti dal Pozzo constructed, at Vitry-sur-Seine, 
the Submarine Worker around 1896. The reader may re- 
member Williamson's famous sphere, which in 1913 enabled 
him, at the request of the Hollywood tycoons, to shoot, 
though only at a depth of about thirty feet, underwater films 
such as The Girl of the Sea, and of course Twenty Thousand 
Leagues Under the Sea. Then in 1934 came the descents of 
William Beebe, who reached 2996 feet with his bathysphere, 
and on August 17, 1949, that of Otis Barton, who reached 
the record figure of 4520 feet. They procured, for the benefit 
of science, new and sensational data. 

What results can we expect from future observations car- 
ried out in new bathyscaphes at 10,000 feet, 13,000 feet, and 
more? It is rather puerile to prophesy in these realms, but 
we can nevertheless envisage certain possibilities. 

First of all, we may take it as axiomatic that, as K. Gunther 
and K. Deckert, professors at Berlin University, write, "the 
penetration of man into the abysses of the sea is only be- 
ginning." While the general consensus of opinion around 
1870 was that the great depths were nothing but deserts and 
glacial solitude, we now know, thanks to the various oceanic 
expeditions and the recent descents of Beebe, Barton, and 
Huot, that the life of the abysses is "swarming, dazzling, and 
of an inimaginable beauty," as those who have witnessed it 
have described it. We know also that the abyssal animals 
ascend much higher toward the surface than was thought. 
One of the phenomena that it will be possible to study is 
that of the luminosity of living matter. Why do the fish gen- 
erally have brightly luminous spots along their body "like 
the brilliantly lit portholes of a liner"? Surely those spots 
are not in that situation in order to help the fish to see? 
This is all the more unlikely since many only possess this 
luminous focus at the tip of the tail. Beebe has put forward 
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the suggestion that such an arrangement has come about in 
order to enable the various species to recognize one another. 
This, in our opinion, Is a rather childish hypothesis. 

It will be possible to make a closer study of the stomia- 
toids. These are individuals which are almost exclusively 
confined to the extreme depths, and present a "bizarre and 
frightening aspect." Such is the sword fish, of the genus 
Chauliodus, whose teeth are so long that they protrude be- 
yond the jaws when the mouth is closed. Such also are those 
individuals of the genus Idiacanthus, whose larvae carry their 
eyes temporarily upon peduncles that hang down on each 
side of their body. The length of these strange ocular sup- 
ports may reach one-third of the total length of the animal. 
As the latter grows up, the peduncles retract, the eyes be- 
come normally situated, and all that remains of their former 
supports is a filament coiled up In a capsule immediately 
above them. We may add that the males of this strange 
species cease to take any more food once they have reached 
the adult stage. We shall be able to study more thoroughly 
the mechanism of the digestion of the saccopharingids, fishes 
sometimes more than three feet long and consisting almost 
entirely of a head, of which the mouth has the form of an 
enormous deep bag, capable of stretching indefinitely; these 
pelican eels, as they are sometimes called, swallow prey of 
gigantic size, that seem out of all proportion to the relative 
needs of a slender filiform body. 

The strange forms of life that oceanographers will be able 
to study at leisure are legion. There are the hatchet fish with 
their telescopic eyes, the ribbon fish whose head is adorned 
with a tuft of filaments, the deal fish and the scythe fish. 
There are the abyssal cuttlefish, such as the lampe merveil- 
leuse (Lycoteutis diadema) with its twenty-four luminous 
organs, which seems, as Chun, who brought one back aboard 
the Valdivia, writes, "as if its body were sprinkled with mul- 
ticolored precious stones." There is the whole series of the 
"abyssal devils" whose tormented, crudely fashioned bodies 
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bristle with colored lanterns, excrescences, and filaments, 
such as Linophryne arborifer, from whose lower jaw hangs 
a sort o coralliform ramified branch longer than itself. In 
some species of these abyssal devils, such as Aceratias indicus, 
the male is a dwarf, only about one one-hundredth the size 
of the female. During the whole period of their lifetime, 
they remain mated. The male becomes firmly attached to 
the female by implanting his teeth into her, so that she 
carries him about, and an anastomosis between the two blood 
circulations gradually develops, the male deriving his nour- 
ishment, in the manner of a parasite, from the body fluids 
of the female. 

Lastly, the ichthyologists and the biologists of the bathy- 
pelagic and benthic zones will perhaps have the luck to dis- 
cover the secrets of the giants of the seas, secrets that for 
millennia have remained securely buried under nine thou- 
sand or ten thousand feet of water. They will perhaps see 
a whale arriving at the end of its journey after having 
sounded, and they will be able to find out what it does at 
the bottom. They will surprise a giant cuttlefish, an archy- 
teutid sixty or seventy feet long, like that which was found 
stranded one day on the east coast of Newfoundland. They 
will witness with awe the sudden irruption of an immense 
cylinder sixty feet long, a sperm whale dashing toward one 
of the monstrous squids of the great tropical depths, and 
their subsequent ferocious battle, in which the victory gen- 
erally goes to the cetacean; though torn by the sharp beak, 
blinded by the powerful tentacles, it makes for the surface, 
carrying with it its adversary, which is finished off en route 
by the brutal difference of pressure. Perhaps, too, they will 
see with amazement the monstrous mating of two bodies, 
seemingly hopelessly entwined and entangled, which they 
will recognize as sharks. They will thus be the first human 
eyewitnesses of such love-making, as we do not know any- 
thing about the nuptial habits of the great sharks: we can 
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only imagine them by assuming that they are analogous with 
those of the smaller ones such as the dogfish. 

The marvelous, fantastic world of our childhood exists; 
the shaggy, deformed, frightening animals of our prize books 
are no longer merely creatures of the mind, chimeras in- 
vented by imaginative artists; it is the experts, the scientists, 
who will turn the pages of this fantastic and wonderful atlas, 
and they will do it in the silent and glacial atmosphere of 
the future bathyscaphes. 

Ah! if I were only learned enough; ichthyologist, oceanog- 
rapher, physicist, and biologist all at the same time how I 
would like to descend into the night of the waters, my heart 
beating wildly, so that I too might be filled with wonder by 
the spectacle of this fantastic world "impossible to describe 
in any human language"! 



CHAPTER 



Submarine Possibilities Afforded by 
Modern Self-contained Diving Suits 



WHETHER WITH THE LE PRIEUR apparatus for ob- 
servation in the more superficial realms of the waters, or 
with the Cousteau-Gagnan for the discovery and the explora- 
tion of greater depths, man has won his freedom in the 
bosom of the seas. A fact in my opinion even more important 
is that he has, above all, recovered his individuality, by 
which I mean that he can now act alone, as he thinks fit, and 
pursue an established program without having to take out- 
side considerations into account; dream in the waters if that 
is his fancy of the moment; explore some islet that has 
aroused his curiosity; or return every day, if he wants to, 
a clay tablet in his hand, to note the daily details of the life 
of a centenarian grouper. 

Previously, he was linked to a boat, to its crew, and if he 
ventured into the high seas he needed assistants to dress 
him, others to operate the pumps that delivered to him his 
aerial viaticum, as well as a voluminous and costly apparatus. 
Moreover, he was rarely invited to participate in a glorious 
adventure. Uneasy, as is every prisoner in his cell, clumsy 
under his heavy carapace, he was lowered straight down be- 
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side a mole undermined by the violence of the waters, he 
was slid beneath the keel of a boat in difficulties, he was 
given the task of fixing slings, of shearing chains, of cutting 
through rusty metal plates with a blowtorch and all this 
against the prosaic background, devoid of all poetry, of the 
water of some port, stinking with fuel oil, made murky by 
the dirt and refuse dumped into it by men to show their 
contempt for a nature which they soil and pollute whenever 
they lay claim to subjugate it. Today, he is dependent upon 
only a knapsack, which he himself can easily buckle onto 
his back. Just as the water spider carries down air bubbles 
trapped by the hairs of its abdomen in order to adorn its 
silken house with them, he carries with him, solidly fixed 
on his shoulders, a thousand liters to aerate his lungs and 
nourish his tissues. If he really desires solitude, he can betake 
himself to the open sea, in a simple canoe that he paddles 
himself. He will slip into the welcoming water, quickly adopt 
the most economical respiratory rhythm, and from then on 
he is free from apprehension, relaxed, calm, and euphoric 
and perhaps even a shade presumptuous, a trifle complacent, 
all things seeming possible to him. 

On earth, man is unconsciously always on the lookout: 
after all, he is only in unstable equilibrium on his feet. Any 
unguarded activity can result in his falling, each common 
object is fraught with treachery; this curb, that unremarked 
piece of orange peel, this child in hot pursuit of its ball, 
may cause him in a second to measure his length on the 
ground, all his dignity gone. Each one of our movements is 
the resultant, patiently acquired by heredity and experience, 
of gravity, of the weight of our body and the displacement 
of its mass. In the water, as soon as the problem of respira- 
tion is solved,, as soon as one has found the ballast required 
to maintain one's body in neutral equilibrium (generally be- 
tween four and one-half and nine pounds), diving becomes 
an enchantment. The slightest movement of the flippers 
causes one to glide through the water; man is all suppleness 
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and lightness. He Is able to progress no matter what his 
position; the ants which he used to admire climbing up an 
absolutely smooth column In close file, the flies strolling 
casually about the ceiling, head downward, are virtually out- 
classed. And even the fish! The hippocampus moves through 
the water in the upright position because It cannot swim 
lying horizontally, the mullet cannot advance on its back, 
at least not for any length of time, but the fish-man, yester- 
day so clumsy, is today the master, swimming easily In any 
position, his movements being more delicately varied than 
those of the fishes themselves. The Superman of the children's 
papers has now become the Superfish. What has happened 
to the former mastodon, that semicrippled, half-paralyzed 
diver of yore? It is now an acrobat who traverses the depths, 
a supple, light, and graceful dancer who twists and pirouettes, 
making game of gravity. 

What use will man make of his new gift? What wishes 
will he want to make come true, now that he wields this 
modern magic wand? 

1. The Undersea Studies and Research Group 

First of all, man had to learn how to use this new means 
of acquiring knowledge of the universe, to ascertain the 
limits of its possibilities, to find out what risks were in- 
volved. That is why, in 1944, Captain Cousteau asked the 
French navy to create an Undersea Research Group (Groupe 
de Recherches Sousmarines or G.R.S.). Under the direction 
of Lieutenant Commander Taillez * the Group, installed in 
the Arsenal of Toulon, became, at the instigation of Naval 
Medical Officer Devilla, actively engaged in the elucidation 
of certain problems of human diving in simple breathing 
apparatus. In the physiological laboratory allocated to him, 



iFrom 1949 to 1951 the Group was directed by Lieutenant Commander 
Rossignol and later on by Lieutenant Commander Philippe Taillez. At 
present, the Group is under the command of Lieutenant Commander Huot. 
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Lieutenant Alinat found, among other things, the explana- 
tion for those accidents that had befallen certain divers, in 
spite of the fact that they had rigorously observed the in- 
structions for ascent "by stages" as laid down in Haldane's 
tables of decompression. They were subjects who had carried 
out successive dives in the course of the same day, and the 
American tables were then modified, new coefficients being 
adduced according to the length of each dive. We shall not 
enter into details, but to give an example, these new tables 
indicate that a diver reaching, in the course of two different 
dives during the same day, a depth of one hundred feet, 
working there each time for half an hour, must be brought 
up the first time with a pause of twelve minutes at ten feet, 
while at the second ascent he is to be left eighteen minutes 
at twenty feet and sixteen minutes at ten feet. 

In a different field, and ably assisted by the navy dispatch 
vessel Elie-Monnier, divers then carried out a series of emi- 
nently useful tests that demonstrated the importance, the 
qualities, and the ease of use of the Cousteau-Gagnan breath- 
ing apparatus. Everywhere the war had left the treacherous 
remnants of its murderous devices; the entrance to the port 
of Sete was cleared of mines, the still live torpedoes of a 
German submarine that had been sunk right in the road- 
stead of Toulon were removed, a barge loaded with magnetic 
mines which it was impossible to defuse by the ordinary 
means was isolated, dramatic exhumations (if one can use 
such a term here) were made, as in the case of those wrecked 
airmen whom we have seen on a nightmarish bit of film, 
wrapped in the ghostly shrouds of their nylon parachutes, 
and who were brought to the surface with infinite care by 
fish-men, like dolls fixed in the eternal immobility of death. 
It was impossible to avoid thinking of some strange kind of 
ascent from the nether regions, impossible not to be deeply 
moved by the paleness of those wax faces, rendered even 
more striking by the dark aureole of the leather helmet, and 
which, sometimes turning toward the spectator at the whim 
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of the current, fixed upon him the disturbing gaze of their 
strangely calm eyes, forever open on the knowledge of the 
mysteries of the world beyond. 

Lastly, the Group accompanied the PIccard-Cosyns expe- 
dition to Cape Verde for the famous abyssal descents of the 
bathyscaphe in 1948. The reader will remember that the 
experiment was a failure, but Captain Cousteau came back 
with the absolutely unique documentary film of a shark, 
which, having deliberately chosen him as the most savory 
morsel, dashed directly upon him. The beast can be seen 
growing monstrously larger on the screen, right up to the 
moment when it received a violent blow on its nose with 
the camera, used by Cousteau as a weapon, the camera being 
put out of order by the violence of the shock! The Undersea 
Research Group kept the famous bathyscaphe, and they did 
not despair, the principle being sound, of being able to use 
It again successfully. And, as we have seen, it was a complete 
and striking success. 

What else did the new types of breathing apparatus permit 
in the utilitarian field? It has never been the aim of their 
creators to substitute them for the traditional helmeted div- 
ing suit. Indeed, one may say that the two types of apparatus 
are quite opposed: the old one, heavy, connected to the 
surface both by air pipe and by telephone, enables the diver 
to resist the cold; the new one is independent and easy to 
use, but without any direct connection with the world above 
the surface. With the self-contained breathing apparatus it 
is impossible to carry out any hard work: to pull up an 
amphora solidly buried in the mud becomes a performance, 
as the very lightness of the fish-man, his lack of support, the 
impossibility of bracing himself against anything, means that 
he tends to shoot out into the body of the sea like a cork 
between two streams of water. It is therefore the old diving 
suit that has priority for all work such as careening, cutting 
out metal plates, traction, laying cables, or, in one word, 
for anything under the water that requires effort. The new 
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one Is, all the same, far from useless for such purposes. Try, 
for example, to make a helmeted diver enter the dark hole 
of a shattered keel; the jagged opening, the sharp cutting 
edges of the broken metal plates, would soon sever his air 
pipe. Furthermore, the man in the traditional diving suit 
is voluminous, and necessarily nearly fixed in the vertical 
position, whereas the fish-man can slip in through the nar- 
rowest openings, through the most jagged of holes. If he 
cuts his skin, the effect is only upon his sensations, the dan- 
ger is not vital. Lastly, when inside the wreck, he can take 
a flashlight photograph that determines the exact dimensions 
and the location of the leak. One of his more valuable assets 
is that he is able to handle the submarine television appa- 
ratus and to direct the photoelectric eye to the right spot, 
so that the observers on the surface can decipher the enigma 
of the wreck "as if they were there." The exasperating insta- 
bility of the blind camera, which twists around its cable, 
which tosses about and transmits the desired view only for 
a fraction of a second, has disappeared. Self-contained breath- 
ing apparatus and traditional diving suits can thus usefully 
join forces, and in actual practice they are nowadays em- 
ployed together. 

The sea, however, is infinite. It holds all things in its 
watery mass; everyone can find what he is looking for: the 
misanthrope, solitude and remoteness from men, forgetful- 
ness of a world he has disowned; the biologist, the dazzle of 
a myriad lives observed in their intimacy, infinite in their 
diversity, which he can study at leisure; the sportsman, the 
exaltation of victories won over fear, the assertion of the 
character, the strengthening of the will power; the senti- 
mental, the unforgettable impact of a new universe with its 
forms and colors out of a dream; the sailor, the confirmation 
of half-guessed secrets and the key to hitherto insoluble prob- 
lems; the oceanographer, the slow assimilation of a thousand 
geo-physico-chemical facts which later he will have to index 
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with patience, to recognize, classify, and explain with objec- 
tivity; the man in the street yields to the childish joy of 
transgressing the limits hitherto imposed by nature, which 
appeared at first to be insuperable. He is happy, quite simply, 
to enlarge the sphere of his penetration, the extent of his 
knowledge; he develops the pride of the explorer, he plants 
his personal flag everywhere, he colonizes his own corners. 
Each fresh experience enhances the feeling he has of being 
the true monarch of the possessions he has dearly conquered. 
This diving suit is no longer for him a scientific apparatus, 
it is a magnificent toy that enables him to find again the 
enchantments of his adolescence, the enthusiasm with which 
he took his first photograph, the intoxication of the speed 
of his first motorcar outing. He literally becomes younger, 
since he constantly renews himself. Thus was born, gradu- 
ally, underwater tourism. 

2. Underwater Tourism 

The French Maritime Administration has very wisely for- 
bidden the use of breathing apparatus for the practice of 
underwater hunting; the latter is a difficult sport, requiring 
genuine physical qualities of endurance and courage. To 
pursue a quarry in its own element, to force it into its den, 
all the time going deeper and deeper under the waters, to 
use cunning against it, and finally to transfix it that is an 
enterprise which, leaving aside for the moment the question 
of principle involved in any hunting and killing of animals, 
remains noble because it is difficult and dangerous, and can 
be regarded as "fair play" because it abundantly favors the 
pursued. The diver who brings back a grouper from a depth 
of forty feet, his respiration suspended, is a daring sports- 
man. If, equipped with a Cousteau, 2 he shoots his prey point- 



2 One speaks of a "Cousteau" when discussing diving as naturally as one 
talks of taking pictures with one's Kodak. 
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blank, he is nothing but a killer who is related to the poleax 
wielder of the slaughterhouses. In those foreign countries 
where such apparatus is allowed for hunting, I renounced 
its use. This was because I had perpetrated to be precise 
in Corsica, at the foot of the lighthouse of La Revellata 3 
the murder (a term here perfectly applicable) of three group- 
ers, an act of which I am still retrospectively ashamed. I had 
met the biggest at a depth of ten feet; we were face to face, 
the fish with its body half-out of its hole, absolutely con- 
fident of its invulnerability at this depth, I, the barrel of 
my gun within four inches of the enormous head, calmly 
aiming at the left eye (I had chosen it because I was afraid 
that, on the right, the harpoon would get caught by the 
more protruding rock). The shot went home and killed the 
animal instantly, and I had the questionable pleasure of 
repeating the same disgraceful performance with the two 
others. Of course I could plead extenuating circumstances, 
say that we were, at that time, blinded by a devouring pas- 
sion, that it was ten years ago ... no matter, it is enough 
to recall the heart-rending sensation of shame and degrada- 
tion, experienced for a second but indelibly printed on my 
mind, of having been a "murderer" without any risk to 
myself, for me to eschew and for a long time to come the 
acquisition of trophies captured without any kind of merit, 
necessity, or glory. 

The interdiction of the Administration in no way pre- 
vented the numerous lovers of the sea from using self-con- 
tained breathing apparatus in order to embark, admiring 
and dazzled, upon its exploration. Their astonishment and 
their discoveries turned them into enthusiastic zealots, and 
they were soon in a fever of active proselytism. The use of 
the Cousteau apparatus, however, is not within everybody's 



3 There was not at the time any rule of underwater hunting forbidding 
the use of breathing apparatus. 
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possibilities. It necessitates a certain amount of training, 
while its recharging is not always easy. 4 

It was with a view to enabling all those who so desired 
to know and to explore the underwater world, to "visit" it 
in the true sense of the word without stumbling up against 
difficulties such as the above, that one of the strangest organ- 
izations of our country was created. One fine day in 1946 
Cannes learned that on its shore had just been born a Club 
Alpin Sous-marin. From then on, anybody, man, woman, or 
child, provided they were in sufficiently good physical con- 
dition, could come and be initiated in the waters of the 
Mediterranean, at the very foot of the Carlton and the 
Martinez Hotels themselves, into the rather more natural 
splendor of underwater life. Instructors are there, experts 
in diving, attentive to every detail; they instill confidence 



* There is a point here that must be settled. I have written earlier, "Man 
has won his freedom in the bosom of the waters. Today, he is dependent 
only upon a knapsack." He is also, in fact, dependent upon the recharging 
of his apparatus. Now, though in France and in most European countries it 
is fairly easy to have access to compressors by applying to various industrial 
firms (they are used in metallurgy, oxyacetylene welding, and by the Public 
Works Department) it is a different matter when one goes far away from 
towns, when one fishes in desolate corners of Algeria or Corsica, for example. 
(I know this from bitter experience in the Egyptian desert near the coast of 
the Red Sea.) With a Cousteau apparatus, things are perfect until you run 
out of compressed air and cannot get it recharged. What can one do? There 
is only one way: to own a compressor. The Luchard is too heavy (240 pounds); 
the best adapted to our needs is the Radaelli MAi (Milan, Italy), which 
weighs only 117 pounds and fills a bottle in ten minutes. Unfortunately its 
price is rather high. Its purchase, moreover, does not entirely solve the prob- 
lem, as one also needs a motor to drive it. Though the Radaelli requires 
only six and one-half horsepower, it has to have them! If one possesses a 
motorboat, it is quite simple a system of pulleys is all that is required but 
supposing one has come by land? Friends of mine who have made expeditions 
to distant parts Canaries, Haiti, Cape Verde were prevented, for that reason, 
from using their Aqualungs. I had myself carried to the Red Sea a spare 
bottle, which alone weighed 180 pounds, and I frequently trembled lest I 
should see it burst under the thousand shocks and jerks to which our car 
was submitted on the tracks of the Egyptian deserts. This is, therefore, a 
problem that limits, where small expeditions are concerned, that liberty and 
independence of the diver of which I was speaking. I am not referring, of 
course, to large expeditions, which have their own ship with the necessary 
equipment on board. 
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into the neophyte, calm his legitimate apprehensions, double 
check the apparatus. Henri Broussard, among others, to 
whom we are indebted for the discovery of some beautiful 
underwater scenery and archaeological sites, who dives below 
230 feet and has procured hundreds of absolutely remarkable 
photographs, is everywhere at the same time. He really is 
the soul of the Club Alpin Sous-marin, and the latter owes 
a great deal of its fame to him. It would be unfair, however, 
not to mention the names of Robert Grass and J. Baussy, 
and those of Drs. Chenevee, Demer^az, and Donnadieu, who 
have also contributed largely to that fame, both by their 
performances and by their writings. According to a technique 
now firmly established, the Club in four lessons prepares 
divers who have never before been in contact with the sub- 
marine world to reach depths of the order of 130 feet. It 
is estimated that that limit marks the end of the zone of abso- 
lute security. Since its foundation, the Club has recorded 
seven thousand dives. A splendid record, which fully justifies 
the interrogative affirmation one reads on the sales prospec- 
tus of the Cousteau apparatus: "Have you realized that the 
great depths are now accessible to you?" 

Indeed they are and perhaps a little too easily, I was go- 
ing to say, from, some points of view since, the apparatus 
strapped in position, the taps checked, the pressure con- 
trolled, the diving instructor leads his little group into the 
water, and it is perhaps this association of images that dis- 
turbs me; a corporal and his squad . . . but how can it be 
otherwise at the beginning? Later on will come the intoxi- 
cation of solitude, the proud moment when one's personality, 
left on its own, is confronted with an unknown world, a 
confrontation that remains thrilling no matter how experi- 
enced one becomes. The group then becomes submerged, 
and the large bubbles that burst on the surface betray its 
presence everywhere. The instructor proceeds to check: 
"Everybody breathing easily? No trouble? Nothing to re- 
port?" All this, however, is conveyed by means of an appro- 
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priate sign language, as speech Is now Impossible; the silence 
of the seas reigns supreme. The fish-men, who with their 
gliding flight resemble a flock of birds, head for the open sea. 
What is the goal of today's outing? The "Notre Dame Ca- 
thedral." Oh yes; in the depths of the Trayas is to be found 
one of nature's curiosities. On the way there, the instructor 
draws attention, by pointing, to various details of interest. 
Here it is an octopus, which still clutches a small fish in 
two of Its tentacles; there he indicates the magnificent gor- 
gonians with their gorgeously tinted purple lacework; and 
the exploration goes on. They have passed a solitary derbio, 
which was probably the rear guard of a shoal; then a group 
of dentex, massive and crafty, goes by, keeping at a prudent 
distance however. At fifty feet a grouper peers up at them 
as they pass, its body half-out of its cave . . . and here is 
the Notre Dame Cathedral. To enter, they slip through a 
crevice in single file. Alone, they would hesitate to attempt 
it, but the instructor is there, and after all others have man- 
aged it. On the other side, the spectators experience a real 
religious emotion, and it is easy to understand why this place 
has been called "Notre-Dame du Trayas." It is a very large 
grotto, with high, dark basalt walls towering up to seventy 
feet; silence of course reigns there, but not darkness, since 
from above, where the rock reaches the surface, light falls 
in rays as from a searchlight, or rather as if the sun were 
shining through a stained glass window. Apart from the in- 
numerable kinds of sessile organisms stuck in compact groups 
to the rocks, which our terrestrial minds associate with the 
vegetable rather than the animal kingdom, there is no tan- 
gible manifestation of life, and one is reminded irresistibly 
of a submarine temple, of a hidden nave where unknown 
rites are perpetuated. If the sound of choral music accom- 
panied by an organ were suddenly to burst forth, one would 
not be greatly surprised. The pupil divers gaze around, and 
for a short while all remain motionless, their faces under 
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the masks showing wonder and amazement, until at last the 
instructor gathers his flock and the return journey begins. 

What will they tell you if you interrogate them later on? 
What dazzling epithets will they use, what vividly colored de- 
scriptions will they give you o this realm of silence and 
beauty? They will say nothing, that is to say nothing defi- 
nite, nothing clear or connected; maybe, to get rid of you, 
they will make use of adjectives like "astonishing" or "pro- 
digious," but their eyes, their expression, will speak volumes. 
They have experienced something for which words are in- 
adequate; make no doubt of it, these men and women of 
the helicopter, the jet, and the atom bomb age are pro- 
foundly, intimately moved. They have had a revelation that 
has stirred them to the depths, a revelation that will not 
easily be forgotten; they have gazed upon the eternal and 
inexpressible splendor of the world beneath the waves. 

Another time, perhaps, the tourists may be taken to the 
eastern tip of the island of Sainte-Marguerite, to the "epau- 
let" of the "Vengeur." For over a mile they follow a plateau, 
which at a depth of 130 feet slopes abruptly downward like 
the fringe of an epaulet. The gradual descent is punctuated 
by the most enchanting discoveries: coral formations with 
delicately chiseled branches, ascidia in the form of tubes or 
pears, spirographs that hurriedly retract the colored plumes 
of their tentacles into their cylindrical cases as soon as they 
detect a passer-by, numerous different species of bryozoa, and 
last but far from least, magnificent gorgonians, still yellow 
at 70 feet, deep purple at 130, and in realityas proved by 
flashlight photographs of a deep red hue. 

The foregoing, however, applies to group outings; they 
have their uses, but they lack the charm that comes from 
making one's own discoveries, once one has acquired the 
necessary control and the assurance to dive alone; most of us 
have "our" grounds, "our" grottoes, "our" marvels. Philippe 
Diol is very proud of his grotto off Cape Bran, with its 
water the "color of the moon/' while the Marseille divers 



MODERN SELF-CONTAINED DIVING SUITS 205 

are particularly attached to the grottoes of Nlolon and that 
of Petit-Mannas, near Carry-le-Rouet, which is seventy feet 
high. Chenevee knows a whole group of wonderful scenes, 
the location of which, however, he keeps to himself. Beuchat 
could point out many to you, in the coves of Cassis and 
around Sonniou, which is his fief. Myself, at Cape Lardier 
. . . but we all feel somewhat reluctant to divulge those 
secrets that have become our own, and which chance, or 
perhaps a gracious Providence, has revealed to us. 

Sometimes, when I begin to expatiate upon my diving 
exploits with all the enthusiasm and the conviction of an 
adept, when I assert that it is the experience of modern 
times, the only one that provides man with the means of 
getting outside himself, with the almost religious impression 
of complete communion with nature, the noninitiated tell 
me, "You are letting yourself be carried away, you are exag- 
gerating. What about flying or mountaineering?" No, there 
is nothing in common. In a plane, when do you come into 
contact with nature? Do you feel it pressing intimately against 
your skin, filling your consciousness? The air? That is only 
a thin, characterless fluid which you do not "feel. The 
scenery? Once the thrill of the take-off is over and you have 
seen the hills, the churches, the houses, and the towns dwin- 
dling as you head for the clouds, once you have reached 
ten thousand or fifteen thousand feet, what is there to catch 
hold of? You are, moreover, in the flying machine, breathing 
a normal, unconfined atmosphere, at your ease, comfortable. 
. . . Mountaineering? Here, though, the effort is purely 
physical: there is the ice ax to be driven in, the traverse to 
which you must keep close, the chimney up which you 
slowly wriggle, elbows and knees pressed hard against the 
rock, and the rope which your efforts may break . . . you 
are exalted by the risk, but the efforts required to overcome 
it necessitate your constant attention, and your mind is not 
free. And where is life? Will you stop to look at the trudging 
insects? Once a certain altitude is passed, you will hardly 
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find any, and. in any case you would not have the leisure to 
observe them; the wind becomes colder, the mists gather, 
you must get back before the storm, you must hurry. . . . 
There are the mountain goat and the chamois, you say . . . 
but you can only catch a glimpse of them in the distance; 
any observing that you do is through a pair of field glasses. 
The royal eagle? Its evolutions take place too high above 
your head. Once you reach the summit, you will have your 
reward, to be sure. Beauty there will be nigged, unbounded, 
a truly awe-inspiring spectaclebut it is a beauty in which 
synthesis, not analysis, is predominant. The monstrous ice 
pinnacles, the moraines that indicate the march of the gla- 
ciers, the sheer size of the mountain ranges that dominate 
everything yes, all that is beautiful, but too huge, beyond 
human comprehension. 

When you are at a depth of one hundred feet, the risk is 
always present indeed, it keeps you keyed up to a certain 
pitch of excitement but you are freed from all effort. You 
are the master of a hostile universe, and still you can think. 
. . . And with each flick of the flippers you have a chance 
of getting a close-up of some aspect of life, some detail of 
nature, some secret of the universe; you are perhaps in peril, 
but continuously in a state of wonder. I know nothing com- 
parable, apart perhaps from big-game hunting, when one is 
downwind, crouched in the bushes, watching a herd of 
giraffes, a family of elephants, a lion, or a herd of antelopes 
at a stone's throw's distance, going about their business as 
if there were no human being within miles. 

The Club Alpin Sous-marin is not content merely with 
promoting underwater tourism. Teams made up of its mem- 
bers have been responsible for discovering wrecks such as 
that of the Robust e II, archaeological treasures like the 
anchor stocks that seem to crop up everywhere, the amphoras 
of the galley of Antheor, the marble columns of Saint-Tropez, 
We shall come back to these in the chapter devoted to sub- 
marine archaeology. It was, once more, members of the Club 
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who worked hard under the waters for the perfecting of 
optical improvements like Professor Ivanoff's porthole, In 
the trials of new cameras like Reblkoff's electronic torpedo. 

In order to facilitate such submarine explorations, some 
very interesting accessory methods have been adopted. The 
"tugboat" of Sublieutenant Boutroux was one of the first. 
This Is an engine with propellers, whose buoyancy is nil, 
which is fixed between two shafts; to the latter are attached 
a pair of hooks. The diver lies in the axis of the shafts, passes 
the hooks under his arms, and off he goes! It is a real one- 
man submarine tugboat. 

Then came the underwater sledge conceived by de 
Wooters, which was tested out by the Research Group; it is 
used to explore large areas (for example when one is trying 
to locate a wreck) and permits the diver to cover a large 
expanse in a comparatively short time with the minimum 
consumption of air, much more quickly, of course, than he 
could do without such assistance. It is an ordinary wooden 
board with two handles, one at each side, which the under- 
water explorer holds. It can therefore be tilted and made to 
ascend or dive and to avoid obstacles. A fairly long and stout 
cable (at least 300 feet long if the diver wants to perform at 
120 feet) flanked by an electric wire enables the towed diver 
to signal, by ringing a bell, to the occupiers of the towing 
boat, and even to communicate with them by means of a 
code. 

The underwater swimming wing or Manta of Commander 
Vanlaer is a wooden delta, forty-three square feet in area, 
covered by a waterproof and rustproof material. On its ven- 
tral surface are two rudders mounted on pins. The diver 
lying on the dorsal surface is provided with a respiratory 
apparatus of the Cousteau type and is protected from the 
current by a slanting water screen; he can operate the rudder 
bar controlling the two rudders with his feet, while his hands 
work the ailerons or diving flaps. Towed by a cable three 
hundred feet long, the apparatus can dive to one hundred 



208 * THE WORLD BENEATH THE WAVES 

feet at an angle of 22 degrees. Its scope of usefulness will be 
extended when it is fitted with a propeller, a matter now 
under study. 

Finally, the most recent device to date is the "diving rud- 
der" of the engineer Jayet. Here again it is simply a heavy 
board which can be maneuvered, with the help of two lat- 
eral handles, in the vertical and oblique directions; it allows 
the diver to be towed rapidly with the help of a motorboat 
and a rope. The interesting feature about it is that it is 
fitted with a real instrument panel. From left to right one 
finds a writing desk where one can note any interesting 
information, a chronometer, a depth manometer, a compass, 
and a thermometer; lastly, in close proximity to the two 
handles are fixed two cork beacon buoys, which are detach- 
able, being freed simply by pulling an ordinary sash bolt. 
If the diver notices an unusual or interesting object, he re- 
leases one of these buoys, which rises to the surface. The 
subsequent location of the object seen is easy, as the buoy 
carries a nylon line with a lead weight at the end. No doubt 
this apparatus will render useful services to those who ex- 
plore the submarine bottoms. 5 

3. Sunken Wrecks 

A comprehensive knowledge of the seas not only includes 
the discovery of its own secrets but also demands the eluci- 
dation of those that men have involuntarily confided to it. 
Besides the denizens of the caves, the beings that are carried 
by the currents or that bury themselves in the submarine 
sediments and are, properly speaking, the subjects of Nep- 
tune's empire, there are the transitory hosts of the sea bot- 
toms, those that natural disaster and human fury have pre- 
cipitated into the depths: the wrecks. 

s In the United States, two individual devices have been introduced for 
underwater propulsion: the Minisub, which is a kind of hooded pedal-driven 
device or "pedalo," and the Aquaped, a propeller pedalo that is attached to 
the belt. 
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It was natural, once the self-contained breathing apparatus 
was bom, that one should think of using it in order to locate 
and to visit them. In some cases it is even an obligation for 
the navy and the merchant fleet of a nation to determine 
accurately the coordinates of these wrecks. Their presence, 
when there are no buoys to warn the sailor, can constitute 
a danger to shipping, as they may foul the propeller of a 
boat that navigates trustingly, following the bathymetrical 
chart (the use of modem sounding devices is now sufficiently 
widespread to give warning, in most cases, of such an obstacle) 
or entangle the fishermen's nets. The latter are quick enough 
to locate the undesirable carcass, and they mark it sum- 
marily with a stake or a drum. In their own interests, they 
notify the maritime authorities, which then have only to 
advise the specialized hydrographical ships. In France, the 
Ingenieur-Nicolas is one of these, and it ceaselessly surveys 
the dangerous wrecks (more than three thousand are known 
and classified from Cape Gris-Nez to the Bay of Biscay and 
from Cape Cerbere to the Italian frontier) and the free divers 
with their breathing apparatus help considerably in locating 
those that are accessible, that is to say those lying in medium 
depths. 

There are other occasions when the locating of wrecks is 
dictated by more than considerations of navigational safety; 
it is often strongly motivated by the possibility of recovering 
a very valuable cargo. It is neither the treasure of Golconda 
nor the rivers of gold and jewels flowing from the sunken 
hulls of the buccaneers' ships that the modern salvage firm 
covets, but lead, tin, steel, and rubber. To the eyes of the 
modern wrecker, chromium shines more brightly than dia- 
monds and topaz. No longer would a fish restore Polycrate's 
gold ring unless it were made of a radioactive metal, avidly 
measured with the Geiger counter. The modern Golden 
Fleeces are made of plutonium! 

In August, 1949, on the bank of the Sorelles, seven miles 
from La Galite, off Bizerta, the Lucia-Venturi dispatched its 
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helmeted and free divers to depths reaching 140 feet. Was it 
to bring up gold ingots? No, it was to recover from the holds 
of the Emerillon,, which ran aground in February, 1949, a 
cargo of nine thousand tons of sections of pipeline! The 
Anglo-American Oil Company was waiting for them In the 
Emirate of Kuwait. Needless to say, the equipment at the 
disposal of the Lucia-Venturi was not confined to divers. An 
electromagnet capable of bringing up seven tons of metal to 
the surface at one haul from a depth of seven hundred feet, 
a prodigious mechanical shovel, was part of her powerful 
equipment. 

It was also with a view to recovering the banka (tin) that 
Commander Taillez, detached in July, 1951, to Tourane for 
the interception of the Viet-Minh maritime traffic, became 
interested in sixty ships sunk from 1943 to 1945 on the Indo- 
Chinese littoral. Here again, with his specialized teams of 
divers equipped with "Cousteaus" and with the help of naked 
Annamese divers who could hold their breath for three min- 
utes with ease, it was possible to remove from the sea a num- 
ber of heavy pigs of the precious metal. 

As soon as the topic of sunken treasure arises, man reverts 
to a child's mentality; at forty, hide-and-seek is certainly 
more exciting when the hiding place is overflowing with 
riches! The most stolid individuals allow themselves to be 
carried away by all sorts of puerile hopes. The most unlikely 
confabulations, yarns suspect from the word go, command 
eager attention. Of course, a hundred years of statistics show 
that 217,000 ships have run aground or have been sunk. It 
is also a fact, one confirmed by the highly responsible organi- 
zation "Veritas," that year in and year out, 2000 ships go 
to the bottom with so much gold in their coffers, so many 
riches in their holds one-eighth of all the treasures wrested 
from the surface of the globe, if we are to believe Lieutenant 
Harry Rieseberg. 

The recent account of his exploits will do nothing to cool 
the ardor of the adventurers of the sea. No matter how much 
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he may describe with a certain amount of literary exaggera- 
tionthe ferociousness of the monstrous octopuses, the terri- 
fying patrolling of the giant sharks, almost succeeding in 
making us hear the barracudas smacking their lips, he will 
not deter the adventurous reader; the latter may, it is true, 
get a dry mouth, but it will not be from any fear of sea 
monsters, but from the thought of the sixty-five millions 
brought up 6 from the abysses by our intrepid diver. And 
when the reader remembers that, a short time before, the 
multimillionaire was just a junior employee at the Museum 
of Natural History of New York, he studies all the more 
feverishly the list of the "'463 wrecks containing treasure" 
that Rieseberg generously offers to the enthusiasm of the 
daredevils, to the appetite of the condottieri, to the balance 
sheet of the businessmen. 

Would you like to know the modern version of The 
Pirate's Treasure., the story, as romantic a one as you can 
wish, of the freebooters of the twentieth century? These con- 
temporary "Brothers o the Coast" no longer sail from Tor- 
tuga or Jamaica, but from Sicily; they are no longer under 
the command of Laurent de Graaf, TOlonnais, Teach, or 
Montbars, but under that of sailors whose names are Karl, 
Otto, Ludwig, and who are fervent supporters of Hitler; no 
longer is it schooners in full sail or frigates proudly rolling 
that are going to transport them, but the ships of the Ger- 
man navy, and events, as you have guessed, no longer take 
place in the eighteenth century, but in the very middle of 
the twentieth; the adventure is that, now duly entered in 
the appropriate archives, of "Rommel's Treasure." 

After the collapse of the Afrika Korps, Hitler is concerned 
with putting into safekeeping the fabulous war treasure- 
gold, masterpieces, objets d'art, and so onplundered by 
Rommel. He chooses four naval officers to convey the sumptu- 
ous booty (the value of which is some three million dollars) 



6 From the Santa Paula, Spanish galleon sunk off Cuba in 1679, and from 
the Columbia, sunk in 1931 off the coast of California. 
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carefully distributed among six watertight boxes each weigh- 
ing a ton. After a perilous journey, the four officers and two 
sailors depart at dead of night from the coast of Sicily in a 
powerful launch, and arrive at dawn off the Corsican coast. 
A heavy bombardment compels them to take shelter in the 
mouth of the River Golo, at about twelve miles from Bastia. 
Partisans are about to hail them, so they sink their precious 
cargo in one hundred feet of water. Now the team is caught 
up in the web of fate; back in Germany, the four officers are 
tried, condemned, and shot on orders from Hitler, furious 
at their initiative, which has deprived him of a veritable 
feast of artistic enjoyment. One of the two sailors is killed 
in action. The second sailor, Peter Fleig, survives the holo- 
caust. In 1946, in Stuttgart, with three friends, he decides 
to appropriate the pile; his insistence on obtaining the neces- 
sary visas, however, causes him to be arrested in France. Inter- 
rogated, he confesses all. The French government decides to 
have a shot at recovering the booty on its own account. It 
provides a grant of one thousand pounds, and the submarine 
salvage firm of Loenberg, of Bastia, is entrusted with the 
direction of the work. Acting on the information given by 
Fleig, plans are made in August, 1948, to explore an area 
of seven square miles. Bad weather interrupts the search. 
Fleig disappears (in the best detective novel tradition) in 
1949. Then private individuals enter the scene: Charles Can- 
cellieri, a Corsican lawyer, and Henri Helle, a diving expert, 
hurl themselves into the fray. In Antibes they rent the yacht 
Starlena, belonging to an Englishwoman married to a French- 
man, Mme. Dona Baudouy (the setup is truly an interna- 
tional one!). On June 24 the Starlena is rammed by a large 
tourist ship, the Sampeiro Cor so, and is compelled to remain 
for long months in dry dock. No matter! Hell is going to 
try his luck with a new yacht, the Rosemary Maid, provided 
with a compressed-air pump and two sets of Cousteau appa- 
ratus, and carrying a full cargo of optimism. By the time 
you read these lines, Rommel's treasure may have revealed 
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its secret: perhaps It scintillates with a thousand sparks In 
some Corsican cellar; a Goya, a Botticelli, or a bust of 
Pheldlas are lying, it may be, luminous witnesses of a bygone 
era, in some corner of a dusty garage! Are you not as thrilled 
as when In childhood you read the exploits of Long John 
Silver or Captain KIdd? Does not this story, with its richness 
of detail, seem to bear the hallmark of veracity, so that you 
scarcely question Its truth? As for you, skeptical ones, you 
must have lost all belief in the wonderful, youth must have 
definitely and sadly abandoned you! 

Steady now, though! Don't let your imagination run away 
with you! It is easy to let oneself be hypnotized by the mil- 
lions worthyes, I said millions of gold recovered by the 
Italian divers of the Artiglio and the Rostro in 1932, twenty- 
four miles off Ouessant, at a depth of 420 feet, from the 
English liner Egypt, sunk in 1922 after a collision with the 
French cargo boat Seine; one Is apt, though, to ignore the 
Incredible efforts that had to be made, the extent to which 
the resources of modern science were brought into play, the 
immense sums that were swallowed up, the number of at- 
tempts made during ten years, and the tenacity shown by 
the Society for the Search and Salvage of Wrecks, created 
after the First World War by Count Malia. 

The treasure hunters throw themselves unthinkingly, and 
in ever increasing numbers since the advent of the modern 
means of wreck locating sounds, ASDIC, and light self- 
contained diving suits into enterprises doomed to failure 
because badly organized, insufficiently studied, and most of 
all lacking In the material means required. The reader no 
doubt still remembers the tragic adventure of the trawler 
from La Rochelle, the Re, which set out in search of seventy 
tons of Spanish doubloons, alleged to be eating their heads 
off in the holds of the galleon Nuestra Senora de la Con- 
ception, sunk in 1674 on the La Plata Bank in the Caribbean 
Sea. The adventure was one calculated to set the mind aflame. 
Nothing was lacking: neither the somewhat shady exoticism 
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associated with the personality of the organizer, Alexander 
Gorganian (alias Kerganoff); nor the cosmopolitan glitter 
contributed by the financier Porfnio Rubirosa, the Domini- 
can diplomat, ex-husband of the film star Danielle Darrieux; 
nor the backdrop, worthy of any adventure novel, of the 
fabulous galleon, which one can practically see, lying beneath 
sixteen fathoms of translucent water, surrounded by multi- 
colored corals, and guarded by squadrons of hungry sharks; 
nor the eventful, highly colored voyage . . . but now the 
French schooner has joined the galleon at the bottom of 
the sea. The Maritime Tribunal of La Rochelle has just 
ruled that the skipper, Kermovan, be bound over in the sum 
of ten thousand francs ... a farcical end to an adventure, 
a pitiful sum compared to the seventy tons of Spanish dou- 
bloons. . . . 

I have no desire to be a kill-joy, a spoil-sport, to throw cold 
water on the ardors of the enthusiasts, to dim their bright 
hopes. Have I denied that there are still treasures that await 
the fertile imaginations of their "discoverers"? Can I be 
accused of proclaiming the death of adventure, I who have 
looked for it elsewhere and who still pursue it? To play 
Cassandra is not necessarily a negative attitude, and to cry 
"Beware" Is not to stifle all hope, but only to ask that it 
should rest upon adequate premises. How can one avoid a 
certain cynicism when looking a little more closely at an 
affair as notorious as that of the Telemaque? The reader will 
be aware that this ship ran aground in 1789 during a tem- 
pest, while it was moored in the Seine estuary, opposite 
Quillebeuf. The first mutterings of the Revolution had 
frightened the counts and marquises of France. They had 
so the story goes entrusted to the ship their family jewels, 
their gold coins, and their most precious possessions, so that 
these could be taken to safety in England. It is even alleged 
that the French crown jewels added their weight (and what a 
weight!) to the mass of those treasures! What scintillating 
gems could not one, therefore, bring back to light, by clear- 
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ing a way into the hull, probably rotten, o the TeUmaque. 
* . . Five enterprises completely ruined themselves in the at- 
tempt, the last one as recently as 1939. Now, as far back as 
October 28, 1843, that is to say more than a hundred years 
ago, one could have read in the Illustration the report, duly 
countersigned and initialed by an official valuer, of the re- 
sults of the attempts at salvage at the time. "Fifty-seven pieces 
of timber and fragments of casks having contained tallow 
and oil" had been brought up. It was said, in the report, 
that ''the wreck, badly broken up and open to the force of 
the tides, was but a formless carcass." For anything else, such 
peremptory statements, stamped with the seal of officialdom, 
would have compelled conviction, but for a wreck! What did 
the affidavit made by an official valuer matter? The sparkle 
of crown jewels is enough to dazzle the eyes of the most 
sagacious, to blind the most farseeing to any evidence, to 
reason itself. Ten other enterprises ruined themselves search- 
ing for the treasure nonexistent of the Telemaque. You 
may be sure that others will continue to do so; a belief in 
miracles is rooted in the heart of gamblers. 

So great is the attraction of the fabulous, the magical, that 
we saw, two or three years ago, a man like Count Malia, the 
hero of the Egypt and its millions worth of gold, yield to the 
attraction of the eternal mirage. Three menProfessor 
lablonoi*, M. Dukay, and Captain Chavel of the Puerto Rican 
army had convinced him of the presence of a Portuguese 
ship containing an enormous quantity of gold in the bay of 
La Napoule. Count Malia, wearing his Cousteau, nearly met 
his death at a depth of 130 feet; he was brought back un- 
conscious after an octopus had clutched him with its ten- 
tacles and held him on the bottom. This was the somewhat 
tardy revenge that the inhabitants of the depths, jealous at 
having been frustrated of the fabulous treasure of the Egypt, 
wreaked on its despoiler. Finally, some bronze culverins, 
a platinum ingot, and sixteen leaden bars, but no treasure 
of solid gold, were recovered. The fifteen thousand dollars 
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realized by the sale of the booty covered the cost of an expe- 
dition which, taking everything into consideration, might 
have been more unfortunate! 

To all bold and enterprising divers I would say: Do not 
allow yourselves to be hypnotized by the lure of untold 
riches, pearls of inimitable Orient, golden ornaments adorned 
with rubies, sapphires, amethysts, and aquamarines. Those 
who have approached an old wreck, her timbers stove in by 
the pressure of the waters, dismembered by tempests, scat- 
tered by the currents, encrusted with barnacles and corals, 
gnawed by mollusks, bored, scarred, and cemented at the 
same time by the multitudinous life of the depths, know 
quite well that finding a treasure in such circumstances is 
like looking for a needle in a haystack. Better not to attempt 
it; the captain's coffers have no locks that can resist the 
jimmies of that most persistent of burglars, the ocean. The 
true sunken treasures are of a more prosaic kind: raw rubber, 
barrels of oil, bars of lead, tin, scrap iron in bulk, brass 
ingots, base metals inglorious materials that, once they reach 
land, will be converted into the transactions of men, into 
the riches of this age riches devoid of luster, paper treas- 
ures, unromantic entries in a bank ledger. Whether dollars, 
pesetas, pounds sterling, cruzeiros, drachmas, or lira, he to 
whom the sea has bequeathed this wealth will, when skim- 
ming through his notes, neither hear the rustling of the paper 
nor see the uninspiring allegories that an unimaginative 
government has printed on them . . . because his fortune 
does not, in reality, come from national banks, but is in cir- 
culation only in his own stock exchange, in his personal 
counting house. His real fortune is haloed with the rays of 
an ardent sun, permeated by the phosphorescent glitter of the 
Caribbean Sea; it is swollen by the hurricanes and tornadoes 
of the Bahamas, lulled by the dull hammering of the surf 
beating the sleeping boats, and it owes its incomparable value, 
to novelty, escape, risk in one word, to Adventure. 
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Submarine Archaeology 



THE subaquatic comings and goings of so many 
thousands, whether sportsmen or curiosity seekers, the pere- 
grinations of the modern "sea-trotters" (and why not that 
neologism?) have not been unaccompanied by true discov- 
eries. Not everyone had eyes only for the sea breams and the 
groupers, was content with admiring the fans of the gor- 
gonians, the unfolding of the spirographs, and the retractile 
sensitiveness of the serpulas. Not only was it doctors (these 
were, indeed, numerous enough), naval officers, businessmen, 
and clerks who donned the flippers and buckled on the 
Aqualungs; there were also historians and cartographers, 
architects and engineers, geologists and artists. Nearly all 
of these realized that the sea was the most immense acropolis 
of the past, that one ought to be able to discover there, side 
by side, buried in the preserving mud, Greek trimeras, Span- 
ish galleons, and the cargoes of our modern ships. The more 
literary-minded repeated what Salomon Reinach had asserted 
in the course of one of his famous Sunday lectures (I quote 
from memory): "The bottom of the Mediterranean consti- 
tutes the richest museum of antiquities in the world. If tech- 
nicians could only provide us with some means whereby we 
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could personally explore its bed, how many sunken ships 
carrying masterpieces could we not discover!" 

Now, as it happens, the technicians had just offered to man 
the marvelous instrument that made such exploration pos- 
sible; so thanks to it, one began to dive toward any shadow 
that looked in the slightest bit like a hull, toward the small- 
est bulging, any unusual tumulus; one swam all around rocks 
with rather suggestive shapes . . . and sometimes one brought 
back a worthless fragment of Vallauris pottery, thrown over- 
board by some fisherman and duly baptized "fragment of 
amphora/ 1 One diver would describe a strange stone ball, 
eighteen inches In diameter, which had undoubtedly been 
shot from a cannon of ancient times; another asserted he had 
seen "honestly, just as clearly as I can see you"- a whole 
submerged town, complete down to the skeletons that were 
lying around practically everywhere; a third one stated that 
he knew the location of Ys, the fabulous city undiscovered to 
this day . . . but we must let the facts speak for themselves. 

1. The Wreck of Mahdia 

The wildest dreams need, in the beginning, at least some 
initial support; one gold nugget is discovered, just one, and 
it is sufficient to start a rush to the Klondyke or Alaska, 
just as a monstrous diamond of hundreds of carats can in 
the course of a day depopulate the towns of Cape Town and 
Johannesburg. The galley of Mahdia has become, for the ex- 
plorers of a sunken past, the El Dorado that authorizes all 
hopes. The story starts in June, 1907, when a Greek diver be- 
longing to a team of sponge fishers operating three miles off 
the small Tunisian town of Mahdia (between Sfax and Souss) 
told of having seen a strange sort of bulge on the sea bottom, 
surrounded by a number of bronze cannons. 

It happened that the director of antiquities, M. Alfred 
Merlin, was an active and inquisitive man. He succeeded in 
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mobilizing the public authorities and in interesting enlight- 
ened amateurs. From 1908 to 1913, with the help of the 
French navy, which lent him the tugboat Cyclope, and that of 
the French Ministry of Works, which put at his disposal the 
mooring vessel Eugene-Resal, successive excavations led to 
the recovery of inestimable treasures. At a depth of 130 feet, 
buried in a thick layer of mud, lay a ship 130 feet long and 
about 50 feet wide, remarkably free from dilapidation. This 
mud, which had preserved It from the elements for two thou- 
sand years, continued Its obstinate struggle, this time against 
the depredations of man, and proved extremely hampering. 
The first objects to be recovered were a number of columns, 
thirteen feet high and two and one-half feet wide, numbering 
no less than sixty. The task of extricating and raising them 
was both a difficult and dangerous one, since the divers were 
in constant peril of being sucked down into the mud, while 
any attempt at washing It away created dense and opaque 
clouds in which the workers were trapped for hours at a time. 
Lower down, they reached the timbers of the ship itself, and 
also all that it contained: pottery, vases, amphoras, fragments 
of furniture, bronze statuettes, marbles, prosaic instruments 
of daily life; the collection brought up to the surface was 
prodigiously interesting. 

A preserved wreck is a slice of the life of a people: their 
customs, the style of their habitations, the materials of which 
their familiar objects were made, the nature of some of their 
food, the artistic level of their culture everything is there, 
everything holds togther. The microcosm of a civilization, 
this ship more than twenty centuries old constituted, like 
those testimonies of a modern epoch voluntarily buried in 
order to serve as representative examples to the men of the 
year 3000, the projection into our time of a portion of the life 
of the first century B.C., suddenly petrified, preserved in its 
complexity and its true relationship to everyday life. What 
Noah had done with his ark for the preservation of living 
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beings the mud of the ocean was doing, in this providential 
wreck, for inanimate objects. Six complete rooms of the 
Alaoui Museum in Tunis were thus filled with the recov- 
ered marvels: a life-size bronze of Eros, an intact Hermes, 
beautifully carved marbles, are among the most remarkable 
pieces. 

This dramatic irruption of the past had taken place, more- 
over, in a fairy-tale atmosphere. It was not necessary to pos- 
sess an especially romantic or poetical turn of mind in order 
to feel retrospectively the emotions of those who took part 
in this submarine epic. The risk incurred by the participants 
further increased the anxiety over the discoveries; it was cer- 
tainly Amphitrite emerging from the waters, in a fashion 
that Hughes Taraval had not imagined; it was the sirens 
as well as the treasures of the buccaneers; or, if you prefer, 
the poetry of history, legend, and adventure which became 
materialized in an unexpected form: Hermes, Eros, and Pan 
burst through the surface, magnificent despite the mud that 
dripped from them and the countless scars inflicted over the 
centuries by the ravages of the sea. The beauty of which fate 
had deprived men for two thousand years was raised up out 
of the water, the Sleeping Beauty was no longer a myth . . . 
but her couch lay under 130 feet of water. 

After that there was ample discussion concerning the ori- 
gin of the galley, and it was discovered that, in fact, the ship 
was not a galley at all, but a "corbita," a cargo boat, which 
had probably been loaded at the Piraeus and was sailing to- 
ward Rome, carrying those works of art that were in all like- 
lihood the spoils from the pillage of Athens (86 B.C.), the very 
booty of Sulla himself. There was also plenty of philosophiz- 
ing over the bones of the sailors composing its crew. No 
doubt all these comments and restatements held some inter- 
est. The wreck threw some light on Hellenistic art and cul- 
ture, the history of the institutions, peoples, and customs of 
ancient Greece; but more important than anything else, a 
new means of piercing the mysteries of the past, of returning 
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to the sources of our civilization, had been offered to man; 
underwater archaeology l was born. 

2. The Galleys of Lake Nemi 

Thirteen years later, the naval archaeologists, who had never 
seen a ship two thousand years old, apart from the boats of 
the Vikings and the Saxons, could admire at their leisure 
two such vessels, astonishingly intact, their flanks adorned 
with gold, their bronzes shining under the Italian sun. This 
time, it was not really submarine but subaquatic archae- 
ology: the ships came out of Lake Nemi in Italy. They had 
slumbered in their watery grave since between 37 and 41 AJX, 
that is to say they were about nineteen hundred years old. 

Their existence had been known for a long time. In order 
to recover them, Mussolini ordered quite simply^ that the 
lake be drained (we know how fond he was of the grandiose 
gesture) and the water went down from forty-five to twenty- 
five feet, being evacuated by an underground channel into 
the Vale of Ariccia. The work continued for three long years, 
from 1926 to 1929, but the result was very well worth it. 
Two magnificent ships, 230 and 260 feet long and about 65 
wide, were brought to light; they were recognized, after long 
and learned discussions, as floating temples dedicated under 
the Emperor Caligula to the cult of Diana, the goddess of 
Lake Nemi, for whom it was customary to hold celebrations 
during the ides of August. To tell the truth, these ships did 
not have the proud destiny of the caravels sailing at the 
fancy of the winds on the vast oceans. They were simply 
moored near the shore to welcome the faithful of those days 
when the cult was celebrated. That is why they were more 
than just ships, why they were full of artistic treasures of 



iSome people object to using the word "archaeology" with reference to a 
ship. For a long time, this science was limited to the study of ancient artistic 
monuments. In fact, and etymologically, archaeology is the science that con- 
cerns all the products of ancient human history. 
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inestimable value, comparable to those discovered in the 
Chinese pagodas or the temples o Angkor. A museum built 
on the spot now accommodates the greater part of those 
vestiges of the past, giving proof of the surety and the grace 
of the ancient taste: a Roman anchor with a mobile stock 
weighing nine hundred pounds, bronze statuettes, a hold 
pump with a piston, and a chain pump enable us to form an 
idea of the advanced state of some of the notions of the time. 
The superstructures were destroyed, but a structure existed 
which was recognizable as the roof of a deck cabin, with 
copper tiles; the hull was made of different kinds of wood, 
protected by leaden plates fixed in position by nails of nearly 
pure copper. Those two remains of ancient ships, the only 
ones we possessed in such a state of completeness, were once 
more to become the victims of human fury, and this time 
irremediably so: they were totally consumed by fires result- 
ing from the battles of the Italian campaign of 1943. 

Twenty years were to elapse before the increasing vogue 
for underwater hunting enabled one to see many testimonies 
of the past rising from the bottom of the waters; they were, 
however, only the chance gleanings of divers lured by the 
novel and spectacular character of the harvest. They were 
but individual feats, unconnected, without any demonstra- 
ble unity, as little profitable for the archaeologist as had 
been, for the geoloist or the paleontologist, those examples 
of micaceous schists, laterites, crystals, basalts, and ammonites 
that the Alpinists returning from a harassing climb brought 
back in their knapsacks. We French, who had had Ghampol- 
lion, who had been the pioneers of epigraphy, were paradoxi- 
cally falling back, with respect to submarine archaeology, to 
the status of Greece and Rome, where amateurs sought for 
antiquities for their artistic value, but where there was no 
archaeological science because there were no archaeologists, 
no men who could draw from the discoveries of the past 
systematic historical inferences, reasoned and well-founded 
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conclusions about the history of mankind. Just as primitive 
and ignorant as those amateurs of ancient times, the modem 
underwater hunters yielded to the urge to collect, with no 
object in view save that of acquiring an unusual ornamental 
piece, of ministering to a rather sterile pride, of being bold 
and daring "discoverers." That was the time when a Beuchat, 
a Broussard, a Chenevee, a Pierre Canto, a Denereaz, a 
Dumas, a Timacheff were bringing back necks of amphoras, 
a few sesterces, engraved leaden plates, anchor stocks, Cam- 
panian potteries, Italic vases or when the gods had shown 
themselves particularly favorable the border of a capital, 
a bronze figurine, the more or less voluminous remains of 
an advanced civilization, but one which these fragmentary 
evidences could not fully evoke. Then one day, on August 8, 
1948, to be exact, H. Broussard and Dr. Denereaz came upon 
the site of Antheor. We can imagine that it must have been 
with the same quickening of the pulse, the same exaltation, 
as that of Martel when he first descried the immense splen- 
dor of the grottoes at Armand in the flickering rays of his 
lantern. Enthusiasts and proselytes, they returned to it three 
weeks later with a whole team of members of the Club Alpin 
Sous-mar in, among them Chenevee and Souquet. Now the 
snapped thread was retied; 1948 followed 1907; the drama 
of the corbita of Mahdia was re-enacted. 

3. The Site of Anth^or 

The wreck of Mahdia was at a distance of three miles from 
the Tunisian shore and at a depth of 150 feet. The site of 
Antheor was situated in the bay of Agay, between the buoy 
of La Chrtienne and the shore, barely thirty yards away 
from the latter and beneath only seventy feet of water. The 
wine amphoras were of a common type, stoppered with cork 
covered with a disk of pozzolana (a powder made from vol- 
canic lava) which was stamped with the mark of the wine 
trader (M.C.); they were lying in rows more or less silted up 
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with mud, cemented together by calcareous algae, encrusting 
barnacles, and tenacious madrepores. There were certainly 
two or three thousand of them, and the ease of access, the 
proximity to the coast, and the shallow depth resulted in a 
real pillaging, perpetrated without discrimination by divers 
whose unwitting vandalism completely altered the initial 
aspect of a coherent wreck. 

In 1949, and later in August, 1950, the Undersea Research 
Group, under the direction of Commander Rossignol, with 
the help of the Elie-Monnier 3 used a powerful mud dredger, 
which enabled them to recover pieces of wood and fragments 
of the hull and to bring up some fifteen intact amphoras. The 
Elie-Monnier, however, is not a boat designed for archaeo- 
logical excavations, and she devoted to them only four 
August days. The site of Antheor, with its cargo of 3000 
amphoras, despite inopportune visitors and fairly large-scale 
investigations, is not completely exhausted. Will it reveal 
to us some hitherto unknown detail, does it still conceal 
in its muddy depths some ancient secret? The future will tell. 

4. The Excavations of Fos-sur-Mer 

Since 1948, four years of patient and strenuous work have 
enabled a group of archaeologists headed by Dr. Beaucaire to 
make, at Fos-sur-Mer, discoveries of immense interest, though 
in a different archaeological sphere. 2 

They consist of the uncovering of the foundations of a real 
Roman port. The difficulties arise not from the conditions 
themselvesthe depth of the water does not exceed sixteen 
feet, and the site is close to the shorebut from the technical 
rigor that the searchers have imposed upon themselves. This 
is because they are true archaeologists, who have drawn up 

2 For an account of these excavations, and the historical, economical, and 
purely archaeological consequences to which they lead and with which we 
cannot here deal in detail we refer the reader to Philippe Diol's book 
Promenades d'archtologie sous-marine, Albin Michel, 1952, particularly well 
documented and written in a style that reveals the classical scholar. 
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a detailed plan of Investigations and are not to be diverted 
from it. As methodical as the Egyptologists at Luxor, they first 
proceeded to excavate a Roman villa; then they cleared the 
site of its sand and later of its layer of clayey mud nearly three 
feet thick. Next they inventorized the archaeological layer 
properly speaking, which they had now reached; the thor- 
ough and methodical exploration let nothing escape. The 
museum of Istres, established under the aegis of the "Friends 
of Ancient Istres/* exhibits the treasures discovered: an altar 
with its votive lamps, a sensational head of Aphrodite in 
sculptured ivory, Campanian potteries, wine anaphoras (of 
course!), a magnificent Italic vase varnished in two different 
colors. 

Such work, less dangerous than that accomplished at depths 
of 100 to 120 feet, is perhaps more tiring, because terribly 
fastidious and exacting. The results show what can be ex- 
pected from a team of searchers trained in true archaeological 
discipline, which must comply, no doubt, with the particular 
environment in which the excavations are undertaken, but 
which must remain methodical in order to be profitable. 

For a while, the sea no longer consents to be done violence 
to. Burgled by men, it seems to reinforce the secret doors of 
its hideouts, to render thicker the fog of its slimy muds, to 
speed the proliferation of the polychaetes, the foraminifera, 
and the spirorbae on the sunken handrails and hulls, to the 
point of literally burying them. And then in 1950 the Press 
trumpets forth a new victory of man's perseverance: another 
sepulcher of the immense submarine necropolis has just been 
violated, a new link with the past has just been forged: it is 
the discovery of the wreck of Albenga. 

5. The Wreck of Albenga 

This time fate has chosen Italy as the field of discovery, and 
there would seem to be some historical justice in this geo- 
graphical hazard. If the past is to hand to us vestiges of its 
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greatness and relics of its culture over the bridge of the 
centuries, Rome and Venice have created enough artistic 
riches, have augmented their cultural Inheritance with 
enough marvels, to deserve that the figures of Roman statuary 
and the golden treasures of Venetian chiseling should be the 
first to rise from the bottom of the seas. 

Just as Mahdia was a small Tunisian fishing port, Albenga 
Is a tiny village on the Ligurian coast. In the Tunisian 
waters, it had been a Greek diver who gave the alert, while 
here, for twenty-five years, the nets had from time to time 
brought up the potbellied or elongated mass of a Roman 
amphora. Archaeology had had the luck, during the French 
regency, to find in Alfred Merlin an enthusiast bent on 
wresting Its treasures from the sea; this time it was to con- 
gratulate Itself In having, as an ardent supporter, the direc- 
tor of the Institute of Ligurian Studies, Professor Lamboglia, 
who was equally prepared for action. The Cyclope and the 
Eugene-Resal had been the French auxiliaries of success in 
1908; the famous Italian ship, the Artiglio II, which had dis- 
tinguished herself in the victorious recovery of the gold of 
the Egypt, was once more to put its technical powers Into 
play. For a period of twelve days in February, 1950, Com- 
mander Quaglia applies the technique that succeeded so well 
with the Egypt. The formidable jaws are lowered; the subma- 
rine chamber is placed in position, issues its orders, and 
transmits the indications of its prisoner. The powerful steel 
teeth grip the planks, eroded by time and the slow boring 
of mollusks, crush the lead coverings, the fragile pottery. 
Alas! Here there is no resistant cast iron, no thick concrete, 
no plates to cut out, no propeller shaft to saw through. Noth- 
ing but a poor, fragile wreck of the first century B.C. 

The ship (let us call it a galley for convenience's sake) was 
lying at a depth of barely 150 feet. It measured about 115 feet 
in length and 40 In width; It did not deserve such brutal 
treatment. A more discreet approach and a more gradual dis- 
mantling would have been better tactics. In a few days, 



SUBMARINE ARCHAEOLOGY 227 

this magnificent vestige of ancient navigation was totally 
demolished, crushed, disfigured. Not a single photograph had 
been taken, no general plan had been sketched. It is perhaps 
rather unfair to criticize; a science in its beginning is neces- 
sarily clumsy in its methods. Quaglia, the captain of the 
Artiglio II, was used to steamers and cargoes, not galleys. 
. . . The Director of the Ligurian Studies doubtless possessed 
solid linguistic, historical, sociological, and metaphysical 
knowledge . . . but the surveying of two-thousand-year-old 
wrecks was certainly not included in his scholastic program. 
A pity, really a pity! 

What was the booty that eventuated as a result of such a 
deployment of forces? There were about 2500 to 3000 am- 
phoras on the bottom; 728 were brought up intact, and 500 
in pieces; they certainly had cork stoppers, but no inscrip- 
tions ... a disappointment for the archaeologists who had de- 
ciphered the mysteries of Mahdia and Anth^or. On the other 
hand, five of those urns still contained, driven into their 
necks and surmounted by stoppers, pine cones that had been 
pushed in head downward. What was their purpose? Cer- 
tainly not that of retaining the liquid contents; did they 
perhaps serve to impart to the latter an aromatic, resinous 
flavor? Mystery . . . Three other vases were still full of hazel 
nuts which were perfectly eatable, and perfectly preserved . . . 
by what prodigy? Lastly, the specialists battled to decide 
what was the nature of the liquid contained in most of the 
amphoras, and many pronounced the word "garum" this 
being a condiment held in much esteem by the Romans, con- 
sisting of the viscera of small smoke-dried fishes mixed with 
mackerel preserved in an aromatic and strongly spiced liquid; 
others saw in the Albenga wreck an ordinary wine-carrying 
boat, carrying therefore only wine amphoras. The museum 
of Albenga where the finds are exhibited prides itself on a 
stone melting pot for melting lead, a leaden wheel weighing 
two hundred pounds the exact use of which we still do not 
know, and three battle helmets, all different, which are not 
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of the "regulation" type, if I may use the term, of the Roman 
army. Let him that can explain to us whose heads these 
unorthodox helmets may have capped. 

6. The Marbles of Saint-Tropez 

So far, men's interest has been aroused only by those subma- 
rine vestiges of the past that had an effective hue. The ship- 
wreck of a boat, now two thousand years old, represents an 
event filled with life, a drama of human activity. If now at 
the bottom of the water there is no more than stones, en- 
crusted wood, leaden plates, and ancient pottery, it is because 
the calcium of the bone is less resistant than the Campanian 
terra cotta, but the anguish, the sacrifices, the screams of 
terror, the silent resignation these one can imagine, indeed 
almost see and hear. 

Circumstances were to result in some simple stone col- 
umnsdiscoveries lacking in glamour, found not far from 
the place where the rubbish of the coast is tipped into the 
sea, and remote from any exciting interpretation such as war 
or other cataclysms becoming a subject for fascinated pre- 
occupation. The fact that the material from which the enor- 
mous cylinders were made was marble, and the purest of 
all, Carrara marble, was not sufficient to explain everything. 
. . . For fifteen years I, like all my diving friends, had known 
the ' 'mills tones" of Saint-Tropez. It was practically tradi- 
tional, when doing a hunting round starting from La Ponche 
(the small fishing port which has unfortunately been annexed 
by a rather specialized Parisian fauna) and heading in the 
direction of the Granier and the Cannoubiers, it was almost 
an obligation to go and roam for a little while around those 
monstrous stones so strangely immersed there. The depth 
was quite a moderate one, twenty-four or twenty-five feet, 
and one could always see, gliding from one block to the 
other, rubbing their pearly bellies against the rock, a few 
furtive and playful blacktails, which in fact had got so wise 
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to us that we were unable to capture a single one, their well- 
tried tactics now defying ours. Looking back on it, this affair 
of the millstones was rather baffling. For what reason would 
anyone have taken the trouble of loading onto a boat those 
enormous masses, worn out with use at some mill, just in 
order to pitch them overboard? Would not the nearest con- 
venient ditch have answered the purpose just as well, and 
with much less trouble? It should have been sufficient to 
imagine the powerful derricks which would have been re- 
quired, the number of laborers who would have had to be 
assembled for the operation, to conclude that the explanation 
did not hold water. Not one of us, however, had given any 
real thought to the matter. We went to the millstones as 
ane goes to Place d'Estienne-d'Orves or Rue Orfila, and we 
ignored the origin of this geographical designation as com- 
pletely as the Parisian has forgotten that Estienne d'Orves 
was a courageous hero of the Resistance and Orfila a very 
Learned professor of forensic medicine. Ten times, a hundred 
times, we must have slipped our guns under those slabs and 
between those columns without thinking that we were com- 
nitting what almost amounted to a sacrilege, and that the 
:lash of that marble and our aluminum constituted a detest- 
ible anachronism. 

The place is calm, slightly muddy; from the coast, a hun- 
Ired yards distant, the bottom slopes gently downward be- 
icath the water. Dominating the countryside, the hill is 
rapped with a dismantled citadel, as if to protect itself against 
he rigors of the sun. Halfway down the slope, on the path 
hat winds toward the beach of the Granier, the Saint-Tropez 
graveyard lies peacefully surrounded with walls of a dazzling 
vhiteness. The tombstones are spruce and clean, washed by 
he sea breeze, dried by the sun of the coast. I have always 
hought that the dead probably found themselves quite com- 
ortable there, less concerned about their weeping visitors 
han with getting their full share of light and pure air, over- 
ooking the sea. And, though it has nothing in common with 
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the other one, It always reminds me o Valery's "The Grave- 
yard under the Sea/' perhaps because in the verses of the 
one and among the paths of the other there is the same lumi- 
nous clarity, the same breath of epic purity. 

Let us, however, return to our ancient columns. Briefed 
by Albert Coccoz of Saint-Tropez and Chaussebourg of 
Cannes, a small expedition from the Club Alpin Sous-marin 
made a first reconnaisance on September 10, 1950, and de- 
cided on a real exploration, as the site seemed particularly 
interesting. On September 12, a full team, 3 each with a spe- 
cific task to perform, begin the carefully planned undertak- 
ing. The sector is divided into zones, and the divers apply 
themselves to their respective duties; photographs are taken 
from a number of different angles; the blocks are measured, 
sketches are made, and samples taken. Hammers, chisels, cut- 
ters, pencils, plates, levers, and ice picks go into action. The 
general picture that emerges from this first reconnaissance is 
a very encouraging one: there are nine column sections, the 
diameter of which is really enormous nearly seven feet; an 
architrave eighteen feet long, five feet wide, and five feet 
thick (it is estimated that it alone weighs some forty tons); 
three capitals with an abacus to which the divers give the 
name of "Doric.'* 

The story of the discovery, the sketches, the plans, and the 
photographs, when shown to the specialists, leaves them very 
perplexed. M. Fernand Benoit, director of antiquities of 
the twelfth region, thinks first of a relatively recent ship- 
wreck, during the nineteenth century, of a vessel carrying 
ancient marbles torn from some Oriental ruin in a conquered 
country. Napoleon, for one, had caused such examples of 
Egyptian art to be disembarked in Toulon, and then had 
them taken to Paris. This hypothesis collapses when the first 
columns are brought up. The lithophagic shells have pene- 
trated as much as four inches into the stone, while deep ex- 



s There were Broussard father and son, Charvoz, Chaussebourg, Coccoz, 
Gruss, and the president of the Syndicat d'Initiative of Saint-Tropez. 
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cavations are inhabited by sea urchins; it is obvious that 
these remains have been under the waters for an extremely 
long time, and the figures of eighteen hundred, nineteen hun- 
dred years are mentioned. . . . Napoleon has nothing to 
do with It. The report on the samples is: very pure marble of 
Carrara. What then? An ancient temple covered by the 
waters? The bottom is of mud, the ground slopes gently, 
there is no trace of architecture in the neighborhood, no 
archive mentions any such monument . . . everything invali- 
dates this second hypothesis. There only remains, therefore, 
that of the shipwreck of a vessel carrying raw material (the 
columns are not fluted) meant for the construction of a 
temple or a really monumental edifice. The divers, however, 
have spoken of Doric capitals; the photographs taken seem 
to confirm this style, and M. Benoit does not know one 
single edifice in the whole of Gaul of such dimensions, built 
in marble and surmounted by Doric capitals. Columns of a 
diameter of seven feet are not as common as tabby cats! 
There was, it is true, the temple of Narbonne, which prided 
itself on being of equally colossal proportions, but, though its 
columns were made of marble, their capitals had been labeled 
"Corinthian." 

Things were at that stage when the archaeologist divers 
heard that the Navy, in Saint-Tropez itself, was using a 
powerful floating crane belonging to the firm of Dodin, 
one of the largest pieces of lifting apparatus in use in mod- 
ern French port installations. The opportunity was too good 
to be missed; the divers jumped at it. One can imagine the 
number of authorizations required; the Beaux-Arts (which 
deals with the preservation of historical monuments), the 
Navy, the Public Works Department, the town council. . . . 
The transactions occupied several days; thanks to the power- 
ful electric winch, it took only two days to raise seven blocks 
from the sea. Everybody lent a hand: a helmeted diver was 
working, heavy, placid, and somewhat bovine, surrounded by 
a swarm of free divers with their Cousteaus, whirling around 
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like friendly rooks, anxious to help; slings, hooks, chisels, 
levers, tools, and other accessories were passed from hand to 
hand just as in a team of specialized colleagues, although un- 
der water; and, moreover, a thoroughly enjoyable time was 
had by all. The sea, up to now in a good-humored mood, per- 
haps became irritated by such facility. It bethought itself that 
once more it was being frustrated of its own possessions, and 
it began to get agitated, vicious. "Operation Carrara** had to 
be stopped. In January, 1952, six other blocks were torn from 
the waters. One consequently still remains on the sea bed, 
immediately below the graveyard of Saint-Tropez a column 
three times denied life: first cut with a saw, then submerged 
by bad luck, and finally abandoned by chance ... a corpse, 
but a corpse that the corrupting action and the voracity of the 
denizens of the sea had not succeeded in destroying; though 
mutilated by their tunneling and corroded by their con- 
stant friction, it is still a solid corpse. Up above, under the 
protection of the Virgin and of the Faith, the other corpses, 
the human corpses, have been engaged in a more infamous 
struggle in the putrefying earth. . . . The necrophages have 
not left much of them. Compared to the Carrara marble, 
still pure, still dazzling when its superficial dirt has been 
washed off, imagine what would remain of the dead of eight- 
een hundred years ago in the earth and the sand of the 
Saint-Tropez graveyard! 

On one of the quays of the small port, which is dear to 
me for various reasons, more than one hundred tons of 
marble after a sleep of twenty centuries once more fulfill 
their function, that of standing upright pointing to the sky, 
as if to draw attention to its vastness by their own might. 
Their salvaging has required far more than a single oxy- 
gen apparatus and a call to the local fire brigade. It is easier 
to drag back a human life from asphyxia than to wrench 
free two hundred tons of stone from the prison of the waters. 
The full weight of material means has been put at the serv- 
ice of art and scientific research by an exceptional chance. 
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Let us bow to the happy occasion; It does not happen every 
day. 

If credit has been given to matter, mind, too, must be 
inscribed on the prize list. The hypothesis of M. Benoit, 
based upon only his architectural culture, and for a time 
invalidated by the famous Doric capitals which did not 
"tally," finally proved to be correct. What had been taken 
for the capital, for the summit of the columns, was just the 
reverse: the base! On the other hand, the slight difference 
of diameter between the columns recently discovered at Nar- 
bonne and those raised from the waters is normal. The latter 
had not yet had the finishing touches put to them, they 
were not even fluted: they would have been polished on 
the spot; therefore there would still have to be some thick- 
ness to spare for the marble mason. If there is a connection 
with the temple of Narbonne we cannot, of course, have 
any absolute proofwe must recognize that this discovery, 
this aquatic archaeological salvage, is of capital importance. 
The temple of Narbonne is the only edifice on Gallic ter- 
ritory presenting monumental Roman architecture, and if 
it was really Fadius Musa, a very rich emancipated slave, 
who was responsible for the transport of those marble col- 
umns, submarine archaeology can be doubly grateful to him, 
first for having had the munificent idea of rebuilding the 
temple of Narbonne, and second for having shown the great- 
est imprudence in loading his cargo boat with such a heavy 
cargo. The pride of a man, the carelessness of a shipowner 
that was all that was needed for us to make contact with a 
past eighteen hundred years old. Who can say in what way 
Providence may decide to make us gifts? 

7. The Galley of Grand-Congloue 

It remains finally for us to describe the latest adventure in 
submarine archaeology, an adventure that is still continuing, 
at the moment when we are writing these lines, amid the 
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bustle of dives and ascents by stages, punctuated by the 
rhythm of the compressors, the reports of the rifle shots that 
act as signals to the submerged divers, and accompanied by 
the steely grinding and creaking of the winches. In the fore- 
ground: the Calypso moored in the narrow bottleneck that 
separates the island of Riou from the islet of Grand-Con- 
gloue; the actors: the divers and specialists of the oceano- 
graphical ship; the producer: Captain Cousteau; technical 
advisers: Fernand Benoit and Ferdinand Lallemand, archae- 
ologists; backdrop: the grandiose and almost unknown un- 
derwater seascape of the coast and the reefs of Marseille, as 
wild as the banks of Patagonia, as diverse as the Straits of 
Magellan, with, practically opposite, the Bee de Sormiou, 
whose rocky point juts out into the Mediterranean. 

An excellent diver, Christianini who has since had to 
abandon diving following a decompression accident had dis- 
covered an enormous tumulus in the neighborhood of the 
island of Riou probably the hide-out of an ancient wreck, 
since he had brought back from it potteries and Roman 
anaphoras, which were sticking on it like pins on a cushion. 
At the time, Captain Cousteau had other projects in mind, 
but how could he resist the attraction of lifting a corner 
of the veil that hides the mystery of the seas? He verified 
the reality of the site. Once the existence of a wreck was 
established, the wreck alone counted. The previously formed 
projects were put off; the task of solving the mystery of that 
ship assumed priority. It would have to be freed completely 
from the mud, its cargo methodically unloaded, so that with 
luck, the intact hull or some still recognizable rigging might 
be exposed; in other words, an attempt was to be made to 
achieve what had so far never been accomplished, the tak- 
ing of a complete inventory of an ancient merchant vessel, 
a detailed survey of its equipment ambitious projects, the 
difficulties of which were not underestimated; several months 
would certainly be needed. On August 16, 1952, the Calypso 
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was in position; after nine months o patient and strenuous 
work, including at times night dives, only about one-third 
of the program had been accomplished. This was because at 
the bottom of the sea each difficulty that is overcome raises 
a new and hitherto unsuspected one, requiring study and 
discussion. It is constantly necessary to adapt a new technique 
to an unexpected problem, to modify the program as origi- 
nally planned to meet changing circumstances. Submarine 
archaeology is a new science, in which there are still many 
unknown quantities: they are gradually being coped with 
as one goes along. Practice makes perfect, but so far there 
has not been very much practice. We can, however, trust 
Captain Cousteau; he is not the kind of man to abandon a 
problem he has tackled. 

This wreck seemed, though, to present the most favorable 
conditions. Hard by the volcanic islet of Grand-Conglou, 
a narrow rock some hundred yards wide and double that 
length, whose highest point is scarcely more than a hundred 
feet above sea level, a Roman galley had sunk. It formed a 
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tumulus one hundred feet long and forty feet wide, and its 
volume was estimated, at first sight, at about seventy thou- 
sand cubic feet. Where was the bow, where was the stern? 
It was necessary to wait and see. All that could be said was 
that, lying on an inclined plane, the highest point of the 
galley lay at 120 feet from the surface, its lowest at 145 feet. 
Of course its various elements were choked up with mud 
and stuck together by the usual cement of submarine life, 
but in addition enormous blocks torn from the cliff by 
marine erosion covered it in places. This perhaps was just 
as well, since without the thousands of pounds they repre- 
sented it is possible that the vessel would have been broken 
up and its various elements carried away by the currents. 

The technical problems seemed relatively simple of solu- 
tion, all the more so in that the Leonor-Fresnel, a mooring 
vessel, undertook the job of laying mud anchors and that of 
raising the blocks, and since an enormous pneumatic suction 
dredger was going to make it possible to clear the site rapidly 
of mud, at a rate of 350 to 400 cubic feet of sediment an 
hour. 4 The elements, however, had to be reckoned with, in 
the shape of a tempest. Bad weather made a winter campaign 
inevitable; it became necessary to set up a fairly complete 
encampment on the islet. An anchor and its gear were torn 
away by the tempest while a mooring was being attempted, 



* A pneumatic suction dredger is a costly apparatus that permits suction to 
be applied to the sea bottom. Here, it is a simple flexible pneumatic pipe, 
the inner diameter of which is five inches. Its suction orifice is brought to 
the point that has to be cleared, the exit orifice being placed above an over- 
flow shoot. The apparatus functions in the following fashion: Compressed 
air is released into the suction orifice. This air tends to rise up to the surface 
through the pipe duct. The more it rises, the more it expands, since the 
pressure of the water becomes less and less great. The air ascends at a rapidly 
increasing speed, and it carries with it a current of water forcibly sucked in. 
Together with the water, the suction tears away all that is at the bottom: 
debris, shells, stones, all that can go through the opening. The whole lot 
spurts out violently at the other end of the suction pump, where it simply 
has to be gathered and classified. In the excavations carried out by the 
Calypso, the optimum delivery was regulated in this way: injected air 4200 
cubic feet per hour; sediments collected, about one-tenth, that is to say 
between 350 and 420 cubic feet per hour. 
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even though the maneuver had been carefully studied be- 
forehand. It was while searching for it that the unfortunate 
Pierre Servant! met his death at a depth of two hundred 
feet. 5 A crane with a jib eighty feet in length had to be in- 
stalled with the help of sappers, and a concrete block was 
fixed to the side of the cliff (it was carried away by the tem- 
pest soon afterward); the pipe of the suction dredger tra- 
versed the length of the crane's jib before plunging to a 
depth of 130 feet, but it was soon found that the overflow 
shoot, placed on the same side of the island as the wreck, 
completely obscured the site with the torrents of mud it 
poured out. The exit orifice of the metallic serpent had to 
be transferred beyond the northeast cape of the islet, and 
it had to be made to spew forth its booty on the opposite 
slope, where the currents scattered the mud well clear of 
the islet. We can see, then, that there were quite a few diffi- 
culties and delays. 

The results, however, are there: more than 2800 dives to 
date, of an average duration of seventeen minutes (each 



s Pierre Servant!, a former quartermaster in the navy, was a remarkable 
diver, who had passed out at the top of the list from the "frogmen school'* 
(Ecole des Nageurs de Combat) at Arzew, and held the certificate of aptitude 
for deep diving awarded by the Undersea Research Group. He had volun- 
teered to try and recover the gear of the lost anchor by following the deep 
furrow that the heavy ring had dug on the bottom of the sea. Captain 
Cousteau had given his assent and provided Servant! with a diving buoy, 
which he was to let go at the slightest untoward incident; the depth was 
around 200 feet. The crew anxiously followed the itinerary of the diver, easily 
visible by the bursting on the surface of the air bubbles from his compressed- 
air apparatus. After ten minutes, the bubbles stopped. On board, emotion 
and anxiety were at their height. Albert Franco, after an exhausting dive, 
found his comrade's body at a depth of 214 feet, and, with Jackie Ertaud 
and Jean Giraud, brought it to the surface. Servant! appeared to have suc- 
cumbed to syncope. He was immediately taken to Marseille in a decompres- 
sion chamber, but it became clear after several hours that there was no hope. 

This death depressed Captain Cousteau and lay heavily on his conscience. 
Had he the right, in order to recover archaeological treasures, even of great 
artistic valuehad he the right to risk the lives of young men of twenty 
years of age? He was not so sure of it, when a telegram of condolence reached 
the Calypso. It had been written by Besson, a draftsman at the La Londe 
works, who had dived with the team in the past. The last sentence was the 
following: "I ask to replace Servanti." The next day, diving started up again. 
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diver undertakes daily three descents of seventeen minutes 
each), have made possible the accomplishment of an enor- 
mous task. The returning divers undergo, at ten feet from 
the surface, a decompression of three minutes. In a basket 
of chain mail, the amphoras bid farewell all day long to 
their slimy habitat and emerge once more into the light of 
the sun. We now know that they left it 2200 years ago, but 
they find it just as they knew it before being swallowed up 
by the sea, since where the sun is concerned, twenty cen- 
turies count for nothing. How much would they recognize, 
however, of the world that surrounds them? The Lacydon 
of the Greeks, at the foot of the hills of Accoules and Carmes, 
has become the Old Port, protected by Notre-Dame de la 
Garde. In their time, Rome supported the Greek founders 
of Marseille in their strife against Cartagena and Gaul. The 
Gaul of Caesar was soon to avenge the affronts suffered by 
Pompeius . . . and now the ancient Massilia has become 
French. How difficult it is to follow this complicated story! 
Everywhere, pointing toward the sky, are slender spires, tem- 
ples where is celebrated a cult unknown to them, the religion 
of Christ, and the rigorous lines of the immaculate toga 
have been succeeded by the untidiness of dungarees and suits. 
. . . These amphoras come up one by one, not very much 
the worse for their rather damp sleep of more than two 
millennia. Already several thousands have been carefully 
placed in the Borely Museum in Marseille. There are still 
seven or eight thousand in the sea bed, and the divers curse 
and exhaust themselves taking them out every day; in order 
that they may reach the interior of the sunken vessel, the 
bunkers and the holds, this is absolutely essential. One can 
recognize the amphoras of the Latium, with their more elon- 
gated outline and their slender neck, sometimes marked with 
the stamp of the owner "Ses" (Marcus Sestus of Delos), and 
those more purely Greek, with their rounded bodies and 
their more thickset necks. They too had the same disk of 
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pozzolana already found In those of Mahdia and Antheor. 6 
They still contained an indefinable residue where, despite 
everything, the pulp of the grapes that had remained at the 
bottom suggests wine, but a wine probably very different 
from ours. 

The amphora, this daily bread of the submarine archaeol- 
ogist, is not the only booty recovered; there are fish dishes 
with a hollow for the sauce, drinking cups, perfume, vases, 
ointment jars, saucers covered with black varnish stamped 
with palm leaves and rosettes (the typical stamping of Delos). 
Into the sieve, the suction pump pours indiscriminately frag- 
ments of wood lined with lead, bronze hooks, copper nails, 
oak and fir plugs, leads for fishing lines. Before long the 
interior of the wreck will be reached and the study of the 
ship proper can begin the detail of the instruments, the 
common objects of everyday use, the summary, as it were, 
of the life of the vessel. Already some rarer objects have 
shown up: a marble mortar, flat roofing tiles, an iron ax, 
a small portable earthenware stove, and a bronze knife, which 
probably belonged to one of the sailors elements that give 
to each wreck its personality, its stamp, its originality. 

Perhaps in a few months, this corbita will be shown to 
us completely freed from its covering of rubble and mud, 
perhaps it will be possible to hoist it out of the waters and 
to restore it to the point where we shall see, before our very 
eyes, the real form, in its true dimensions, of an ancient ves- 
sel, its sails lined with leather, its hull curved like a basket 
and reinforced with lead, the head of some monstrous ani- 
mal at the prow. We shall then be in a better position to 
picture the unfortunate voyage of the great Greco-Roman 
sailing boat, of the corbita of Marius Caius Lassius, which 
left Delos two centuries B.C. 

In the holds, the earthenware jars of wine from the Cy- 
clades had been stored, short, thickset, and supporting one 



e Here, too, they are marked "M" (Marius), "C" (Caius), "Lass" (Lassii). 
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another; the work was finished at dawn, when the sun was 
just starting to gild the branches of the highest vineyards 
of the islet, on the hills. Later, the ship in full sail entered 
some port of the Gulf of Gaeta, and this time, to the sing- 
song cadences of the Italic dialect, the more elongated am- 
phoras of the Latium, with their delicate necks, were piled 
up in the holds, together with the fragile Campanian pottery, 
stocked in columns reaching almost to the level of the deck. 
And here we may mention, in parentheses, that this time 
sequence in which the cargo was loaded explains the archaeo- 
logical prophecy that Professor Benoit was able to make on 
a certain occasion. 

It was at the time of the first dives, and ineluctably the 
amphoras brought up were of Italic style. Exasperated be- 
cause he had expected to find a mixture of styles, in particular 
Greek elementsand perhaps influenced by his experience 
as a terrestrial archaeologist, the director of the antiquities 
of the twelfth region exclaimed, "You have only got to dig 
more deeply and you'll find Greek stuff." There was gen- 
eral laughter, and the learned professor was frequently to 
be reminded of his unexpected statement. 

Now during the later dives Greek amphoras were indeed 
discovered, in the lower levels of the ship. This was quite 
natural since, as we have seen, the boat had started from 
Greece and only later on, in Italy, had it taken on board a 
naturally more superficial cargo. 

Loaded to the gunwales and rolling hard in a heavy sea, 
the ship was to fall an easy victim to the sudden and furious 
tempests of the Mediterranean. That is how the galley, driven 
against the rocks of Grand-Conglou^, was to become a much- 
coveted wreck on which, day and night, men of the twentieth 
century busy themselves. 

First appearances notwithstanding, fate has been kind to 
the ship; it did not want its story to end there, the final full 
stop to b written. It has carefully covered the damaged ves- 
sel with mud, has secured it to the sea bed with monstrous 
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blocks, so that It could retain its form and reality and would 
not break up in the waters. And now it enables it to come 
alive once more. In a few months, perhaps, we shall see its 
hull, on which polychaetes, tube shells, bryozoa, actinia, 
madrepores have taken up their residence, floating again on 
this Mediterranean that it knows so well, having ploughed 
it for so long; a moving wreck that still has a role to play, 
a destiny to fulfill: to convey to us, amid the hooting of the 
tugboats above water and in the fogs of the sedimentary 
muds below, a message from the past. 

8. Sporadic Discoveries 

So far, we have mentioned only the most outstanding dis- 
coveries of underwater exploration. In this continual struggle 
between man, so persistent in his attempts to span the back- 
ward course of the centuries, and the sea, so determined to 
keep him from reading the pages of his ancestral history, 
Mahdia, Nemi, Anthor, Albenga, and Riou are names like 
those of the great French victories Valmy, Arcole, Austerlitz, 
Magenta; in addition to those great encounters, where regu- 
lar troops well equipped with the most modern armament 
are deployed on the sites of numerous different wrecks, the 
fight continues every day. There are the francs-tireurs, the 
partisans, the isolated individuals who, having laid some am- 
bush and being favored by some good fortune, sometimes 
make a prisoner of note. 

On July 9, 1949, the diver Giordano brought up a mag- 
nificent bronze; off the Monegasque coast, at the foot of the 
rocks of Saint-Nicolas, a panther of the first century, of 
the "Dionysius" type, emerged from the blue waters. Dur- 
ing a week in August, 1949, the Club Alpin Sous-marm, 
under the direction of J. Coupray, traced the installations 
of the ancient port o Olbia near Hy&res. Cheneve and 
Souquet, in the shallow of Pequerolle off the Cape of An- 
tibes, recovered an anchor stock six feet in length and weigh- 
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Ing 912 pounds 7 with three heads of Medusa sculptured on 
the lead. It Is the first known anchor to be adorned with a 
figurine (the Medusa plays the role of a talisman, of a benefi- 
cent image; it is the Saint Christopher of navigators). Che- 
nevee also found stanchions, pieces of massive stone hollowed 
out in the middle, in which the foot of the mast was fixed. 
The same year Dr. Denereaz retrieved another anchor stock 
two feet long, again off Antibes; while in 1951, off La For- 
migue (Lavandou), Giraud brought up another of the same 
size. The members of the Club Alpin Sous-marin have in 
fact gathered an ample harvest of such finds, and the walls 
of their homes are adorned with specimens of all weights, 
from 20 to 900 pounds. Recently, the dives of Chiapello and 
the cross-checkings of Garreau, Curator of La Garoupe, tend 
to establish that the Roman port of Antibes was situated in 
Fort-Carre. Philippe Diole has studied the site of the ancient 
Caesarea, now the port of Cherchell. Thus, more or less 
everywhere, in the vast expanse of the seas, divers are on 
the lookout for tumuli, amphora necks, the tops of walls, 
anchor stocks, ancient gear, bronzes, marbles, potteries, 
wooden specimens, stones, and lead sinkers buried under the 
millennia and the waters. 

9. Conclusions 

Forty-five years of underwater archaeology, from which must 
be subtracted eight years of war and Occupation that is not 
a lot. The results, however, are already appreciable. We are 
not talking here of the thousands of amphoras brought up 
(though the divers will still have their work cut out to find, 
under the waters, the forty-nine forms of amphoras of the 
Dressel classification, completed by Pelichet) but of the in- 



7 In the Musee de la Marine in Paris. The Medusa is the talisman which 
holds at bay evil entities, the demons of the abysses. The figurine is a pro- 
tective symbol. On some anchors from Aegina could be read the injunction, 
"Touch it not." 
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formation drawn from those excavations that have been un- 
dertaken. 

Five important sites have been placed, by chance, at the 
disposal of the submarine archaeologists: Mahdia, Nemi, 
Antheor, Albenga, Riou. A study of their situation has made 
it possible to formulate some simple principles: sandy bot- 
toms are favorable to wooden specimens, bronzes, and am- 
phoras, which sink and remain protected. Marble and stone 
statues, the shafts of columns, are liable to be deeply per- 
forated by burrowing mollusks, in particular the lithodomes. 
Iron specimens are completely oxidized and disappear; some- 
times the objects retain their shape, but they disintegrate 
into a powdery residue while being brought up; jad or 
bronze, on the contrary, resist astonishingly, welL It is a 
good thing to fix with formalin the wooden specimens re- 
covered, If one does not want to see them crumble away 
after drying (silica Is now used). A wreck can best be ex- 
ploited when it lies on a rocky plateau or tableland, at a 
depth of about 150 feet. At that depth, Indeed, 'there is a 
zone where the water is stable and the wreck is not sub- 
jected to the action of the swell, which dislocates the hull, 
nor of currents, which scatter the sunken elements. The best 
situation for it to be is at some little distance from the coast, 
because in shallow water, near the shore, the swell and the 
currents exert their maximum effects, and even modern ships 
made of iron and steel have not been able to resist their 
combined action. One must add that the greater number of 
ships, when sinking, are submitted to a very abnormal and 
unbalanced strain, owing to the sudden precipitation of that 
portion of their cargo contained in the part which emerges 
from the water into that which sinks; the vessels frequently 
break in two, and the work of dispersion and erosion is all 
the easier because of this initial breach. 

Lastly, it is, I fear, only in the pages of Jules Verne that 
one can encounter the spectacle of twenty-three galleons 
sunk by Admiral de Chateaurenaud in 1702 lying consid- 
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erateiy on their sides, clearly recognizable from far off, with 
their rigging and their culverins! Wrecks do not form an 
exhibition of ancient models, carefully laid out on the sea 
bed and docketed that really would be too wonderful! They 
are so well hidden, camouflaged, and mutilated that the 
diver can pass over them without even suspecting their pres- 
ence. The Sabella pavonima., the hermelles, the sponges, the 
verticillated gorgonians, the clusters of hydrozoa such as the 
tubularia the polytrema and the potamoceros have colo- 
nized all those tumuli, bulges, and projections as prolifically 
as they have the neighboring rocks. Nature always tries to 
make its domain a uniform one, under the sea as much as 
on earth. The algae of Antheor have no need to envy the 
cacti and the lianas of the Aztec temples, The mud of Grand- 
Conglou is just as thick as the ashes and the lava of Pompeii. 
Amphoras, copper nails, potteries. A bronze here and there. 
Is not that very little to make such a fuss about? So many 
forces deployed for a few domestic objects or an occasional 
masterpiece! Is it really so pregnant with meaning, this in- 
fant science of underwater archaeology? Yes, because of the 
consequences of the discoveries made, the glimpses they en- 
able us to catch of the institutions of the past, and the 
horizons they uncover on ancient life. Perhaps you are say- 
ing, "A copper nail?'* But, if the copper is pure, as much so 
as ours which however is scientifically treated will you not 
conclude that the art of smelting and refming^metals was a 
singularly advanced one under Anthony? 9 And if you now 
proceed to study the nature of the impurities contained in 
that copper, you can attribute to the nails of Mahdia (iron, 
lead, silver) a Spanish origin; to those of Nemi (copper 
pyrites) an Italian source. You can draw a small line on 
the map of imports^ fbu can establish a minute fraction of 
the economic life of the time^ . . because of a nail. Thus, 
step by step, through the study of each detail,jone builds up 



9 Mahdia, Memi, Antheor show the same purity with respect to their copper 
nails analyzed at 99.6 and 99.7 per cent. 
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gradually the elements of dally life, one attains to the knowl- 
edge of the customs, one discovers the laws of commerce 
and their historical consequences. Every archaeologist, start- 
ing from a nail, could reconstruct a world. A not too com- 
plicated world, an ancient world. Consciously or not, he 
imitates the technique of a Cuvier. Maritime relations in 
antiquity, the routes followed by the merchant ships, the 
nature of the ancient rigging, 10 the revision of our ideas 
concerning the wine markets, the place of origin and the 
destination of the wine, attempts at defining the actual com- 
position of the Latin wines aromatic and blended mixtures, 
rather than the pure juice of the grape the history of the 
Mediterranean thalassocracies, the revision of time-honored 
deductions, such as that of the economical and commercial 
greatness of Cartagena each element of discovery is a basis 
for discussion, an extension of knowledge. 

It seems that, after the early empirical stage, which was 
made up of fortunate discoveries, lucky chances, and pain- 
fully acquired experience, the time has come to pass on to 
a second stage, that of scientific submarine archaeology. Here 
the search for a rare object gives place to historical interest. 
The hunting for collection pieces continues, no longer for 
the vainglory of securing unexpected prizes, but in order 
to add fresh detail to the frescoes of the reconstitution of 
the past. Let us listen to what the late director of the French 
School of Athens, M. P. Demangel, wrote: "When the archae- 
ologist is able to study directly a submarine site, measure, 
sketch, photograph under the water with as much freedom 
as the divers of the port of Toulon, and finally give orders, 



10 Apart from the ships of Nemi, models of which have been preserved, and 
which, in any case, were not seagoing boats but ceremonial ones, apart from 
the Drakkars of the Vikings and the boats of the Saxons, we know nothing 
of the rigging and the equipment of the ancient ships. We have, as references, 
only the mosaics of the Corporatorum civitatium platea at Ostia, the cathe- 
dral of Salerno, the sarcophagus of Copenhagen, and one or two marbles 
in the museums of Rome. Underwater archaeology will surely give us, some 
day, as a result of sufficiently ambitious schemes, the possibility of retrieving 
from the water a fully equipped and almost intact galley. 
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just as he does when supervising terrestrial excavations, it 
will be possible to conduct a methodical exploration of the 
riches of the sea bed. Success in that field, as in other scien- 
tific fields, will then depend on the magnitude and scope 
of the means put at the disposal of the wreck hunters/' 

These lines were written in 1951. Two years later, in Jan- 
uary, 1953, tf 16 hopes they expressed were realized. MM. 
Benoit and Lallemand were sketching, measuring, and giving 
orders from their post of command on the deck of the 
Calypso. They were fully documented on the submarine 
wreck by a team of experienced divers, by a series of intelli- 
gently planned photographs, and the ne plus ultra of tech- 
nologyby the spectacle of the site and the underwater work 
which, thanks to the television screen, was observed in com- 
fort. In fact, the amplitude of the means put at their dis- 
posal exceeded the most optimistic expectations. 

Let us mention, in this connection, the conflict that still 
exists between the sporting independent divers and the ar- 
chaeologists. The first were, naturally enough, the ones who 
discovered the sites that have been explored. A sponge diver 
discovered Mahdia; Antheor was surveyed by the members 
of the Club Alpin Sous-marin; underwater hunters had their 
suspicions of the valuable nature of the marbles of Saint- 
Tropez; a professional diver was responsible for the events 
that led to the excavations of Grand-Conglou. Naturally 
enough, the harvests that were gleaned were brought, for 
interpretation, to the recognized archaeologists. A sporting 
diver is generally below forty years of age, a distinguished 
archaeologist is generally above, which might explain why 
he is not much tempted to participate in submarine archae- 
ology (the fact is far from being an absolute bar, however, 
as witness Broussard, Chenev^e, Diol, and ourselves, who 
are all on the wrong side of forty!). Now, some divers, once 
they have obtained the precious information, have believed 
themselves to be masters of a science of which they were still 
ignorant yesterday. They have talked, written, published. 
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Their Ignorance Is at times blatantly revealed in their own 
assertions. In itself, this was not a very serious matter, since 
it merely served to hold up to ridicule the pseudo experts, 
but those same divers unfortunately went further and under- 
took the planning of a program of excavations on their own 
hook, and drew up their own working schedule. Now, one 
is entitled, when one is not a specialist, to ignore Caylus 
and Winchelmann; it is permissible to have but the vaguest 
notions concerning papyrology and to be unaware of the 
existence of the considerable body of works dealing with 
Greek, Roman, and Semitic epigraphy. It is more serious 
to fail to recognize the elementary technique of archaeology, 
its basic principles, since just as in a police investigation 
the clues vanish as soon as some inopportune action has 
modified their initial state. Though they lay in the water, 
those vestiges of the past should nevertheless have been sub- 
mitted to the same rigorous process of investigation as those 
on land. Excavation, to be consistent in its results, must be 
carried out step by step according to a carefully prearranged 
plan, the laboratory being consulted at each new stage of the 
proceedings. 

The independent divers who pointed the way, gave their 
time, and incurred risks are entitled to well-deserved praise. 
They gain nothing, however, by contrasting the tough, emi- 
nently sporting character of their collaboration with the static 
element of the scientific interpretation of their results, which 
may be asserted from an armchair. They are wrong in adopt- 
ing the demanding and bitter mentality of some factory 
workers toward the boss who does not labor manually. On 
the contrary, it is in their interest to amalgamate their con- 
siderable first-hand experience of the submarine depths with 
the book lore, the wide culture, and the extensive scientific 
knowledge of the armchair archaeologists. They must exe- 
cute the latters' directives and submit themselves to the 
planned orderliness of work in a submarine yard. If it is a 
matter of urgency to establish a scientific method, drawing 
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its inspiration from general archaeological principles while 
adapting itself to any given environment, it is no less de- 
sirable to create bodies of specialized archaeologists. I had 
been given to understand that such a section had been cre- 
ated at the Ecole du Louvre, but my inquiries at both the 
Ministry of Education and the Directorate of the French 
Museums have been in vain. There are, in the Louvre, 
courses on "Sumerio-Akkadian Epigraphy," on "Life in Gaul 
in the Paleolithic Age," but there are none on submarine 
archaeology. I had thought, somewhat naively, that the news 
that the discoveries made would have reached the ears of 
the Administration; I had imagined that, after a series of 
courses designed more particularly to equip the pupils with 
the knowledge required for their future discoveries, a prac- 
tical course of instruction in diving would have been en- 
visaged in liaison with the Club Alpin Sous-marin, for in- 
stance, or with the Center for Undersea Studiesbut no, 
there is nothing of the kind. 

What is the point then, of MM. Fernand Benoit and Fer- 
dinand Lallemand being on the Calypso and piling up, day 
after day, the recovered treasures in the Borely Museum in 
Marseille? Submarine television, which offers to those above, 
to the "dry ones" u as we are beginning to call them, the 
same wonderful impressions that the divers receive 120 feet 
below, represents a tremendous stride forward. The scores 
of thousands that the apparatus costs, however, is not within 
the reach of every explorer of ancient wrecks. Again, what 
is the point of M. Grenier, the director of the French School 
at Rome, becoming interested in the question? of M. Pierre 
Demangel, director of the French School at Athens, having 
summoned to Greece the Cheneve team for a profitable 
series of underwater prospections? And since, filled with ad- 
miration, he wrote later that "the future of archaeology is 
under the seas," why, O ye ancient gods, did he not try 



11 But who are beginning to get wet, like M. Lallemand, who has taken 
up diving. 
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with the same enthusiastic pen to convince his minister? I 
am not bound by the same obligation of reserve as are those 
civil servants toward their high chief, and I am quite plainly 
asking the master of the destinies of education, I am asking 
him with great respect: "Do you not think that it is time 
for France, who opened up the practical route to underwater 
archaeology with her dives onto the wreck of Mahdia in 
1907, to complete her pioneer work by the creation of a 
special course for archaeologists, who could be both theo- 
retically instructed and practically initiated into this new 
and fascinating means of discovery of the past? The Villa 
Medici in Rome receives, each year, the procession of the 
great French prize winners. What a return it would be if 
there were, in Marseille, a * Villa Jules Verne' or 'Le Prieur/ 
where the future underwater archaeologists of all countries 
could come in order to get instruction and practice in a sci- 
ence that France has, after all, put at the disposal of men/' 
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Pictures from the Depths 



1. Submarine Photography 

A. History 

THERE is A FRENCH PROVERB which says, "He can lie who 
comes from far away!" Those travelers who have crossed the 
Matto Grosso, explored the shores of the Amazon, penetrated 
the secrets of the Pygmies, or scaled the heights of the 
Turnuc-Humac mountains are very well aware of it. In order 
that they may be believed and taken seriously, they bring 
back those indispensable testimonies of our modern times- 
photographs, films. 

To abandon one's everyday, normal environment and to 
descend thirty to sixty feet into the seas is not to travel very 
far, but it is an experience so charged with the feeling of 
leaving the familiar world behind that it can be compared 
to the most remote expeditions. The number and variety of 
astonishing sights and the unusual character of the sensa- 
tions experienced virtually necessitate some form of docu- 
mentation. However feeble its power of evocation of such a 
universe may be, the photograph constitutes nevertheless the 
beginning of proof, the germ of conviction. At the bottom 
of the waters, where the faculty of speech vanishes, and back 
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on the surface, where the soberest expressions of admiration 
are still suspected of stemming from prejudice and prose- 
lytism, it is practically an obligation to have, as an unim- 
peachable and irrefutable witness, the tracing of the linea- 
ments of an incredible universe, the contribution of the 
impartial eye of the camera, corroborating a human vision 
that is suspected of partiality, error, or exaggeration. 

In 1893. Louis Boutan, a lecturer in the Faculty of Science 
of Paris, attached to the Arago Laboratory in Banyuls, ap- 
plied himself to the problem of underwater photography. 
In actual fact, his aim was not to reveal anything of that 
subaquatic splendor, that arresting strangeness, of which he 
knew nothing. The question for him was purely a technical 
one, at least at first; how could one succeed in taking photo- 
graphs under the water? No aesthetic consideration was in- 
volved in this purely physical problem. The device that 
Boutan conceived contained even then sixty years ago all 
those refinements of which we are so proud today and which 
are, in fact, only improvements on his primitive system. A 
diver, the classical diver of the time, with helmet, diving 
suit, and massive leaden bootsgenerally Louis Boutan him- 
selfdescended with a large, heavy, and watertight box, con- 
taining a camera (known as a "detective") with removable 
plates measuring nine by twelve centimeters. A pressure com- 
pensating bag (the camera was already caused to "breathe") 
insured a counterpressure appropriate to the descents that 
were made; there were a porthole of plain glass in front of 
the lens, a view finder, a lever designed to operate the 
shutter from the outside, and a detachable Ud. The operator 
could change the exposed plate and replace it: a series o 
photographs could thus be taken without the diver having 
to return to the surface. Lastly, there was no need for any 
focusing because of the very small aperture employed, but, 
to counterbalance that, the duration of the exposure was 
extraordinarily long: ten minutes in very well illuminated 
water at a depth of twenty feet. 
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Two years later, Boutan completely modified his camera; 
there was no longer a watertight box, as the camera filled 
completely with water and the photographic plate was itself 
in direct contact with the sea. This fact Boutan considered 
of little importance, since the marine salts, sodium chloride 
in particular, had only a very slight and negligible action on 
the chemical composition of the emulsion, which was, more- 
over, protected by a special varnish. We must admit, how- 
ever, that the results were disastrous: the optical system of 
the lenses was designed to be used in air, and as it happens 
that the refractive index of glass and water are very similar, 
the curvature of the lenses was then insufficient to bring 
about convergence of the rays, and the images were terribly 
blurred. Boutan, in fact, did not persist, and created his third 
type of camera, this time resolutely watertight. He used 
"Lumiere" plates, eighteen by twenty-four centimeters, and 
a definitely larger aperture, so that focusing was possible. 
During one dive alone, six photographs could be taken, but 
the camera was so heavy that Boutan, in order to make it 
lighter, conceived the idea of mooring it to small casks which 
acted as floats. 

In 1898, Boutan really got to grips with the problem, and 
achieved the distinction of taking the first underwater snap- 
shots in the world for which artificial lighting was used. 
Helped by Chauffeur, an engineer, he designed an apparatus 
for producing a real flash, which was achieved by means of 
a bulb containing a magnesium wire in an atmosphere of 
oxygen. Combustion was initiated by a platinum wire that 
could be connected to the two terminals of a battery. The 
same system of small suspending casks ballasted with lead 
made it possible to install such a lamp, with a reflector, above 
the camera. The photographs were perhaps not remarkable, 
but for the time they were sensational. There was one minor 
drawback, however: the device had a regrettable tendency 
to explode, and the unfortunate Boutan often found himself 
prostrate on the bottom and suffering from slight concussion 
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owing to his temperamental apparatus, but happy all the 
same, once he had recovered, in his photographic successes. 

In 1899, with the help o artificial light, a carbon arc 
lamp, Boutan obtained photographs at a depth of 160 feet 
of a submerged placard, on which letters were perfectly vis- 
ible. In the meantime our unflagging inventor who, at the 
contact of things aquatic, had been seized by a real passion 
that went beyond the purely technical interest of photog- 
raphy, had perfected an autonomous diving suit (mentioned 
earlier) that reveals, we must admit, less creative invention 
than do his underwater photographic innovations. Finally 
he published a book in which he related in detail the devel- 
opment of his experiments. 

It can be said that Louis Boutan was the real pioneer of 
underwater photography; he invented everything, or practi- 
cally everything: focusing, the external shutter release, the 
compensating bag or "breathing apparatus," the small sta- 
bilizing casks, the flash. With the exception of the correcting 
porthole and the electronic flash, all those features that now- 
adays have reached a high standard of perfection are only 
improvements on the methods used by Boutan. I think that 
it is only fair to give credit here to his perseverance and 
his creative will; the unbroken continuity of his work, which 
he pursued from 1893 to 1900, gave to France undisputed 
priority in the field of underwater photography. It is, by 
the way, a rather surprising fact that is only in parentheses 
that it is France who, throughout the whole domain of direct 
submarine exploration, has shown the way. Rouquayrol and 
Denayrouze made possible, with their famous "casserole" re- 
ducing valve, the realization of the self-contained diving 
suit with compressed air on demand, as early as 1865; Boutan, 
from 1893 onward, brought back from the bottom of the 
waters the first really clear pictures; then came the experi- 
ments of Le Prieur in 1926, which paved the way for the 
later magnificent development of the Cousteau-Gagnan self- 
contained breathing apparatus, which in turn opened the 
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underwater route to the explorers of the sea. It was in French 
waters, too, that the second great archaeological underwater 
discovery was made, the corbita of Mahdia in 1907, which 
antedated that of the ship o Albenga on the Italian coast. 1 
Underwater hunting, as we know, has made tremendous 
strides on the shores of France, where it first saw the light, 
while the first films to be shot at considerable depths were 
taken by the Cousteau team and constitute a splendid epic. 
Finally, the latest refinements in the field of photography, 
as embodied in the electronic torpedo, refinements that have 
increased the scope of technical possibilities to the maxi- 
mum, are due to the conjoined efforts of its inventor Rebi- 
koff and the members of the Club Alpin Sous-marin of 
Cannes, aided by enthusiastic supporters. There is a point 
here, rather a surprising one, and somewhat flattering to 
the French amour-propre; France possesses a very consid- 
erable length of coast line, but it is surpassed in this respect 
by Spain, Italy, and Greece, to mention only those three 
countries. The Mediterranean, with its welcoming waters, 
provides those countries, as much as it does France, with 
the opportunities of diving and studying the submarine 
world. For thousands of years a much frequented and active 
route for communications and traffic, it has been just as 
prodigal of wrecks on their reefs as on the French ones. We 
can hardly give the credit, then, to the inventive Latin mind, 
since that mind is just as vivid along the coasts of Liguria 
and the Cyclades as at the foot of the Provencal pine clusters. 
What then? We submit this little ethno-psychological prob- 
lem to the sociologists and the historians. Vasco da Garna 
and Christopher Columbus preceded by a long time Duguay- 
Trouin, La Bourdonnais, Dupleix, on the surface of the 
waters. When it comes to exploring the depths, priority must 
be given to Rouquayrol and Denayrouze, Boutan, Le Prieur, 
and Cousteau. Perhaps there is some argument that would 



i The first one was that of Anticythera (Greece) in 1901. 
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prove that the French mind, often taxed with levity and 
superficiality, is, in fact, naturally inclined to try to get to 
the bottom of things rather than to remain on their surface, 
when those things have the novelty and sparkle of inaccessible 
treasures. 

In 1913, Williamson rediscovered the emotions and the 
enthusiasm of Boutan. A young reporter attached to the 
Virginia Pilot, a journal of the town of Norfolk, Virginia, 
this daring pioneer had the idea of using a steel sphere that 
his father had designed for underwater salvage work. En- 
closed in this, he descended into Chesapeake Bay and pro- 
cured excellent snapshots at a depth of thirty feet. His jour- 
nal carried a sensational report of the event, in which 
ignoring Boutan he spoke of photographs taken "for the first 
time" at the bottom of the sea. This was, we must remember, 
the golden age of cinematography, of the silent cinema, of 
course, and Hollywood producers, attracted by the novelty 
and the strangeness of the adventure, persuaded the impetu- 
ous J. E. Williamson to shoot a sequence of underwater films 
in tropical waters. We shall have occasion, a little later on, 
in the chapter devoted to cinematography, to dwell for a few 
moments on the vicissitudes of his strange visits to the depths. 

The First World War interrupted experiments, stifled in- 
itiative, and limited opportunities. In 1927, Longley and 
Martin once more took up experiments in underwater pho- 
tography in the Mediterranean, in shallow depths and with 
excellent results. They used Lumire plates, known as "auto- 
chromes/' 

Just as Boutan had been the nineteenth-century pioneer 
and promoter of underwater photography, Commander Le 
Prieur was, in 1934, to distinguish himself as the man of 
the twentieth century who was to take up the question anew 
and perfect everything. We have seen how this naval offi- 
cer succeeded in penetrating into the submarine environ- 
ment with his self-contained breathing apparatus; the com- 
fort, the ease, the freedom of maneuver which independent 
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diving now permitted were to lead him inevitably toward 
photography. He invented a watertight container for a Con- 
tax camera with ratchet winder, which made it possible to 
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Fig. 22. Le Prieur camera container 



take thirty-five successive photographs, and in the bay of 
Saint-Raphael, in depths not exceeding twenty-five feet, he 
obtained excellent photographs in Kodachrome (Fig. 22); 
Captain Cousteau in Paris in 1948, and more recently myself 
at the Club des Chasseurs Sous-marins de France, have had 
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the occasion of projecting those photographs before the eyes 
of adepts in underwater diving and photography, who did 
not conceal their admiration for a scientific achievement 
which, though twenty years old, had already reached a high 
degree of technical perfection; finally, it was Commander 
Le Prieur who was the first to demonstrate the absorption 
of certain light rays in the marine environment. He first took 
some color photographs using only normal daylight, and 
then took some more of the same scenery under the same 
conditions, but this time using artificial light; the compari- 
son of the two sets of photographs with similar centering 
and focusing provides evidence of the total disappearance 
of the reds and the degradations of the yellows in those 
which were taken by natural light. 

In 1937, Hans Hass, a Viennese zoologist who was to 
become a world diving champion, brought back sensational 
photographs from Curasao, Greece, and the Red Sea, using 
flippers and a breathing apparatus related to the Davis type. 
The watertight containers made according to his instruc- 
tions were, generally speaking, very simple and possessed 
automatic focusing. 

The advent in 1943 of the Cousteau self-contained breath- 
ing apparatus, however, completely changed the problem of 
underwater photography. "The Three Underwater Musket- 
eers/* Cousteau, Dumas, and Taillez, who as we know were 
ardent diving enthusiasts, became passionately interested in 
this new pursuit. They encased their Foca or their Rolleiflex 
in watertight containers, the volume of which was calculated 
so that the whole apparatus would have practically no weight 
when immersed. First of all they fashioned a sort of photo- 
graphic revolver, which was pointed, as if it were a gun, 
toward the subject; there was a handle which one turned 
in order to focus, and another to modify the aperture. Soon 
they made their cameras "breathe," as they called it, by 
fitting them with a small self-contained diving suit, so that 
they could be carried to the same depths as they themselves 
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reached; this was because, while the human organism did 
not suffer from the effects o the depths, mechanisms were 
frequently damaged. For photographs requiring accurate fo- 
cusing, Cousteau preferred the watertight Ondiphot system, 
in which he placed his Rolleiflex, focusing being done 
through a ground-glass screen. To use it to the best advan- 
tage, one needs to be quite at home in the waters. 

Before long, cinematography attracted all the attention 
of the team, and, as we shall see later on, they became 
masters of this art. 

In 1948, the Americans succeeded in taking sensational 
photographs of the abyssal regions of the seas at thirteen 
thousand feet and more. Pictures of the famous submarine 
canyons were thus obtained, and the Atlantis expedition, by 
using magnesium flashes with a camera lowered on a cable 
and taking a series of photographs by automatic exposure, 
presented us with a remarkable album of a strange world 
never yet contemplated. 

In 1951, Dumas, of the Cousteau team, experimented with 
pyrotechnical torches for color photography. This "fire under 
the water" was found to be of little value from a practical 
point of view, because of the impossibility of controlling its 
intensity; at times it was dazzling, and at other times in- 
sufficient. Round about the same period, Dimitri Rebikoff 
perfected his electronic torpedo. We shall examine that de- 
vice a little more closely later on. 

B. Novel Conditions Imposed on Underwater 
Photography by the Environment 

The one physical condition that controls and dominates all 
others is, needless to say, visibility. One cannot photograph in 
water as in the air. In rivers, the currents, the difference 
in density of the different layers of water in contact with 
each other, and suspensions of organic or mineral matters, 
render photography practically impossible; the turbidity is 
too great. In the oceans it is quite another matter, and if 
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some seas exhibit an almost complete opacity near the coasts 
(North Sea, Channel), conditions are very different in the 
high seas, where the constancy of the environment and its 
purity are remarkable. In practice, while in the river Seine 
one must be content with a visibility of i or 2 feet, in 
the French Mediterranean it may reach 30 to 70 feet, and 
perhaps a little more in the Adriatic; in warm seas, such as 
the Coral Sea or the Red Sea, the figure may be as much 
as 150 feet. On the average, therefore, the underwater camera- 
man should be very satisfied if the extent of his vision reaches 
100 feet. 

Intrinsically, such conditions are very poor. There is no 
need to exclaim 1 What would we say on land of a visibility 
that was reduced to a hundred feet? That it was very bad, 
and we would be quite right, since that figure is the ac- 
cepted one for a foggy day! In such conditions, the land 
photographer uses filters and has recourse to artificial light. 
The underwater photographer, who lacks, as we shall see, 
similar technical aids, finds himself in a real fog that blurs 
objects, diminishes shadows consequently suppressing the 
contrasts and causes distances to disappear. The background 
becomes ghostlike, lost in an indefinite blurriness (we are 
talking, of course, of photography undertaken at a certain 
depth, from twenty-five to thirty feet for example), and if 
the impression of strangeness and otherworldliness gains by 
it, if the unreal aspect of the submarine universe is thus 
perfectly rendered, one nevertheless soon becomes tired of 
seeing, on a film, only a few clear objects in the foreground, 
silhouettes that seem to move in a kind of bluish cotton 
wool, and nothing else that holds the attention. 

This appearance is even more pronounced in color film, 
in which the pictures at moderate depths soon become uni- 
form and monotonous. The photographer is well aware of 
this, and, prompted by experience, he strives for novel ef- 
fects. These are, however, limited: when he has taken a few 
pictures from the bottom, with the camera directed toward 
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the surface, which appears as a pearly, shining, scintillating 
expanse, permitting artistic back-lighting (the "sunset" of 
the underwater amateurs, as it were); when from the shadow 
of a cavern he has captured the luminous spectacle of the 
sea framed by the dense obscurity of the outlines of the 
cave mouth; when against the background of a sheerly de- 
scending bluff he has seized the powdery rays of the sun 
plunging into the glaucous waters, as if piercing the crepus- 
cular shadow of a cathedral then he will have run the whole 
gamut of the tricks and exhausted the possibilities offered to 
him. If he wants to obtain spectacular photographs that 
can be projected publicly, it then only remains for him to 
adopt a practice to which we have all gradually been led, 
which is to photograph small animals by natural light and 
at shallow depths, using a small aperture and with careful 
focusing, in order to permit the maximum clearness and de- 
tail. This, after all, is not so bad: sea urchins moving clumsily 
on their ambulacra, these natural instruments of locomotion; 
rainbow wrasse playing with the bait on the hook without 
deciding to swallow it; asterias protruding their stomachs as 
they swallow a fragment of mussel or a piece of calamary; 
small mullet playing at hide-and-seek or searching the sand 
of the sea bed subjects full of interest, no doubt, typical of 
the daily life of the sea, but which could in fact be photo- 
graphed just as well in a submarine aquarium, in Monte 
Carlo for instance. It looks as if Neptune has wanted to cover 
the secrets of his domain with a halo of discretion, an im- 
penetrable fog of mystery. Are these difficulties final, in- 
superable? Let us listen to the experts. 

Black and white. They will explain to us that the light 
by which we carry out underwater photography is that of 
the sun, which light, as we know mainly from the descents 
of Beebe and Barton, does not penetrate below a depth of 
2000 to 2300 feet (some photographic plates exposed at 25170 
feet were found to be fogged). Why is this so? There are 
several reasons. 
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(a) First o all, because the light loses some of its intensity 
through reflection. This loss varies greatly according to the 
position o the sun. When the angle made by its rays with 
the surface of the water is 45 degrees, there is a loss that 
ranges from 2 per cent to 5 per cent. It reaches 13 per cent 
at 20 degrees and 35 per cent at 10 degrees. The conclusions 
to be drawn are that, from a practical point of view, one 
must carry out any underwater photography when the sun 
is high above the horizon, that is to say from 10:00 A.M. to 
4:00 P.M. in summer. Captain Cousteau's films have never 
transgressed this golden rule. Even so, we must hasten to 
specify that such figures are valid only for a level and calm 
surface. As soon as the swell and the waves interfere, the 
percentage of light that succeeds in penetrating into the 
depths becomes extremely low (Fig. 23). 




**% 

Fig. 23. Percentages of light reflection 

(b) Secondly, because the light loses some of its intensity 
through absorption. 2 One of the characteristic properties of 
sea water is the powerful selectivity of absorption of light 
rays that it displays. Numerous measurements taken in 
oceanic waters 3 have made it possible to construct the follow- 
ing diagram of the spectral curves of the solar intensity (at 
noon, in midsummer) (Fig. 24). 

2 We have borrowed the figures and details that follow from the lecture 
given by Professor Ivanoff, on December 13, 1952, to the General Congress 
of Engineers of the Ecole de physique et de chimie Indus trielles. 

* Etude optique des eaux ocdaniques, N. G. Jerlov (account of the Swedish 
expedition of the Albatross, 1947-1948). 
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Fig. 24. Spectral curves of solar intensity 

We see that sea water is most transparent to light rays at a 
wave length o around 480 millimicrons (symbol for which 
is mfx) that is to say, in the blue portion o the spectrum. 
If we now study the areas comprised between each of the 
curves and the axis of the abscissa, areas that represent the 
total luminous energy persisting at the depth in question, 
we find the following figures for very pure oceanic waters: 

At 15 feet, the luminous intensity is reduced to 1/4 of its 
value on the surface at the same moment; at 50 feet, to 1/8; 
at 130 feet, to 1/30. 

Near the coasts, the organic particles in suspension, the 
mineral debris brought down by the rivers and torn from 
the shores, render the water less clear. We then obtain, as 
average figures: 

At 15 feet, 1/8 of the intensity of light at the surface; 
at 50 feet, 1/30; at 130 feet, 1/130. 

These figures differ appreciably from those given by 
Rebikoff in the following table: 
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Percentage of luminous Luminous 

Depth in feet intensity remaining intensity in luxes 

o 100 44,000 

15 30 i55<x> 

30 14 6,200 

160 0.7 300 

Our personal experience enables us to indicate that if, in 
practice, the intensity of light at the surface and the speed 
of the film used make it possible to photograph at the surface 
with an exposure of 1/100 sec at f/i8, one would have 
to reckon according to the following figures: 

Depth in feet f -number Exposure 

15 f/6.3 1/100 sec, 

50 f/3-5 i/ioo sec. 

130 f/s-5 1/25 sec. 

In black-and-white, however, underexposure may occur; 
the following approximate figures are suitable for all cases, 
using a film of the type Kodak Super X 32: one can photo- 
graph up to depths of no to 130 feet with 1/50 second at 
f/4-5. There are new developers, most of them made by Eng- 
lish firms, such as "Promiarol" (May and Baker), which allow 
one to treat underexposed submarine films, and in particular 
to take pictures at depths up to 160 feet with an exposure of 
1/100 second at f/6.3. 

(c) Another difficulty is presented by diffusion ("scatter"). 
Let us consider an object to be photographed in the sea, in 
open water. You estimate the intensity of the light coming 
from the surface in order to open your diaphragm to the 
appropriate degree. If you now place a large opaque screen 
between the surface and this object, you realize that there 
is still quite enough light for a photograph to be possible, 
with a larger aperture of course. This is because, though it 
no longer receives any direct solar radiations, your object is 
lit by diffused radiations, and these are very important; so 
much so that, at a depth of fifteen feet, the luminous energy 
diffused laterally is equivalent to slightly more than half the 
direct luminous energy coming from above. This is the pri- 
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mary cause of the diminution of the effects of contrast, effects 
to which photographs taken on land owe some of their finest 
artistic qualities. Those who use a camera under normal con- 
ditionsI mean in the fields and in the towns know that the 
light comes from a certain direction, and that depending on 
whether one has the sun behind the camera or facing it 
(back-lighting), the amount of light that affects the film is 
extremely different. In water, such differences due to the 
direction from which the light comes are much smaller, and 
become smaller still as one goes deeper. At 15 feet the 



Fig. 25. Diffusion of 
light in the sub- 
marine depth 




amount of light received from the side varies only in the pro- 
portion of four to one, depending on whether the photogra- 
pher faces the light or turns his back to it; at 160 feet the 
proportion has decreased and is only three to one. In pho- 
tography, insufficient contrast leads to a photograph lacking 
in depth, to the disappearance of the shadows; the photo- 
graph is said to be "flat." In the water, this lack of relief gives 
the effect of fog. The subject in the main focal plane appears 
only as a mass more or less silhouetted against a diffuse back- 
ground, which blurs the more distant detail (Fig. 25). 

The photographer-divers of course have tried to remedy 
this disadvantage. By analogy with their terrestrial colleagues, 
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who use colored filters (in particular yellow filters) in cases 
of flat lighting, they have tried placing various types of 
filters in front of the lens. We ourselves, in this same con- 
nection, have made a hundred experiments, none of which 
has been crowned with success; we finally abandoned our 
attempts when the optical experts explained to us that, In 
air, the diffusion of the blue color of the sky was molecular 
and that it obeyed Rayleigh's law (diffusion is inversely 
proportional to the value of the wave length in question 
raised to the power of four: i/^ 4 ). In water, on the other 
hand, we were told the diffusion was due either to the plank- 
ton of the high seas, to mineral or organic particles in sus- 
pension in the coastal waters, or to impurities carried by the 
currentsthat is to say, in any case, to corpuscles which are 
much too large for the law to be applicable. 

The selectivity then varies according to the function i/k or 
i /l 2 . If by measuring it at different depths we now study the 
ratio between the light received from below (diffused light) 
and that received from above, we find that this ratio passes 
through a maximum in the neighborhood of 430 mp., 5 that is 
to say the beginning of the purple. Now, when studying the 
selectivity of absorption by the sea water, we found the maxi- 
mum transparency to be around 480 m{x, that is to say at the 
beginning of the blue. This diffused light has therefore a very 
weak selectivity, and with the increase of the turbidity it 
becomes less and less selective. That fact explains why it is 
practically impossible to attenuate these fog effects with col- 
ored filters. The weak polarization due to the large particles 
in suspension no longer permits the use of polaroid glass. 

It has even been suggested that one should resort to "dust- 
ing" the waters with supersonicsthe only rational and effi- 
cient physical procedure as one does in the case of aerosols, 



4 The symbol X (Greek letter lambda) stands for wave length. 

5 The colors of the spectrum are defined by the figure of their wave length 
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but the attempt has been a failure, and in fact it resulted 
in an increase in the density of the suspensions. 

Knowing these characteristics, one can therefore only: 

(1) photograph with shadow effects; 

(2) approach as near to the subject as possible, in order to 
diminish the diffusing mass of water (it is easy with a subject 
that is stable, such as a coral reef, or not timid, like small 
fishes, but just try with sharks or barracudas!) therefore using 
wide-angle lenses; 

(3) employ sources of artificial light (taking good care, of 
course, to light the subject without illuminating the mass of 
water separating it from the lens) in which case one must 
have recourse to the help of an assistant projectionist who 
will be closer to the subject than the operator himself. 

The best results are evidently obtained with fairly intense 
sources of illumination, and at night, as in such circumstances 
the mass of water that is interposed is not illuminated at all. 
Clarity of definition is excellent for all the different focal 
planes, since there is no veil of diffusion. We will not dwell 
on the exceptional character of such photography, which, in 
any event, does not fit into the framework of underwater 
reporting, whose essential character is fundamentally unpre- 
dictable and unpremeditated. It would lead us to speak of 
the types of light sources used beneath the waters, and we 
wish to reserve their description until the study of under- 
water color photography, for which artificial lighting is nec- 
essary if one wants to obtain spectacular results. 

C. Color Photography 

All that we have noted concerning absorption, diffusion, and 
the luminous intensity in the water is of course valid here, 
but a new and extremely important restrictive factor is super- 
imposed: the selective absorption of the light rays. 

The dominant blue-green color, which can be seen on all 
underwater colored photographs, whether those taken in 
1934 by Commander Le Prieur in the bay of Saint-Raphael 
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at a depth of 23 feet, or ours, taken in 1952, in the super- 
luminous waters of the Red Sea, is therefore not the result 
of defects in the Kodachrome film, which has on the con- 
trary gone from improvement to improvement, nor of an 
error of exposure or technique on the part of the photog- 
raphers. We now know without any doubt that the red radia- 
tions (675 mp,) retain only 10 per cent of their initial in- 
tensity at a depth of 16 feet; we learn this from the study of 
the spectral curves of the intensity of the solar light. Without 
wishing to doubt the accuracy of the researches carried out by 
the technicians, I think I can say, basing my opinion on my 
own experience, that the red rays are practically extinguished 
as soon as they enter the water, and that therefore one can- 
not hope to obtain, even at a depth of only 3 or 4 feet, 
colored pictures on which really red details show up well; the 
fairly large areas are seen as orange-red, and soon they no 
longer appear at all. Next, the orange disappears, followed 
by the yellow (575 mji), which at a depth of 16 feet loses 
theoretically 50 per cent of its intensity. As for the blue 
light, it retains its power of penetration and still possesses, 
at a depth of 115 feet, 50 per cent of its intensity (wave length 
475 m\i). Lastly, below 130 feet, the solar light is too weak 
and insufficient to enable the human eye to perceive the dis- 
tinction between the colors; it is the "twilight zone/' 

Some readers may still remember chapters of philosophy 
ingested with difficulty on university benches with a view 
to a forbidding B.S. examination. During the psychology 
course they were taught that we possessed an external per- 
ception of the world gained through our sensations; that our 
inner representations, our conceptions, were based on the re- 
actions of our senses, but that they were not to be granted a 
blind confidence. That space itself, conceived by us as having 
three dimensions, was perhaps only a monumental error of 
perception. The incredulity of the young Saint Thomases 
("I believe only what I see") was severely strained by numer- 
ous examples, and elementary ones at that: such as the stick 
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that, plunged into the water, appeared to the eye to be 
broken; the perfectly straight line of the horizon that in fact 
was curved; the misleading effects of perspective geometrical 
areas of equal dimensions, which our eyes, however, saw as 
unequal, depending on their outline; the Daltonians for 
whom green trees were not really green, and who could not 
"accept" the red color of blood; the two pricks on the skin 
sufficiently close together to be interpreted by our nervous 
system as being only a single one; and the iron ball, con- 
ceived by us as dense, continuous matter, while actually it 
consisted of thousands of millions of electrons and protons, 
whirling in a frenetic saraband. 

Well, one of the most striking examples of the false rep- 
resentation of the universe by our senses resides in our per- 
ception of the underwater depths, at two hundred feet. 
Everything there appears gray-blue and uniform: our blood 
becomes dark green, the gorgonians at that depth (Clematissa) 
are black, and we are prepared to swear to it. Now let us 
produce a sudden intense flash, and the effect is dumbfound- 
ing; this uniformly gray world, with scattered dark patches, 
is literally coruscating, everywhere shrieking with vivid, sharp 
colors; the red bursts from every side, and azure blues and 
Veronese greens combine to create a dazzling mosaic. The 
gorgonians seen a moment ago have become blood red; the 
cliffs glow with anemones, are turned pink with pinnatulae. 
A veretillum is a delicate milky white, a solaster dazzles us 
with ruby-colored sparks, actinia strew their purple hues 
over the scene. The antechamber of the nether regions has 
suddenly become the palace of the Thousand and One 
Nights, has changed into an AH Baba's cave sparkling with 
a thousand gems. You are struck dumb with amazement. Can 
it be possible that there were so many colored splendors 
here of which you knew nothing? Yes indeed, and the sudden 
spark of an ordinary battery has been sufficient to reveal them 
to you! 

Once more Louis Boutan was the first to illuminate the 
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bottom of the waters in front of a camera. We have seen 
that he had operated by night, at a depth of 160 feet, using 
an arc lamp in a watertight container, but that was in black 
and white. Williamson, with powerful searchlights placed in 
a ring around his famous cabin, illuminated brightly the 
sands of the Bahamas and the madrepores of Nassau. In 1948, 
Captain Cousteau's team, diving to a depth of 130 feet, down 
to the wreck of the galley of Mahdia, the story of which we 
have related at length, discovered the marble columns and 
the Ionic capitals torn from the glory that was Athens, which, 
though they were fully lit by the sun, appeared to be of a 
dull grayish brown color. On the surface the columns, en- 
crusted with Philosiphonia, barnacles, and Hardwickia, 
sparkled with golds and deep reds under the Tunisian sun. 
The team became determined to recapture these splendors 
of the sea bottom. They pierced the bluish monotone of the 
depths with powerful searchlights connected to the surface 
by a conducting cable, which soon proved to be extremely 
hampering. The most powerful lamps they were able to 
acquire gave them an intensity of five million lumens, that 
is to say about 400,000 candle power. On land, such equip- 
ment would have enabled them with an exposure of 1/25 
of a second to take colored snapshots of an object situated 
at a distance of 50 feet; under 130 feet of water, the diffusion 
and the suspensions reduced the distance to 5 feet; eight 
extra lamps increased the range of vision by barely 7 feet. 
And what a formidable array of forces had to be deployed 
to achieve those results! There were the cameraman and two 
assistants carrying the searchlights, one of whom placed him- 
self near the plane where the object to be photographed lay, 
while the other occupied a point of vantage farther away 
and higher up, in order to provide the "atmosphere" light- 
ing so dear to photographers. The equipment was really very 
inconvenient. Just try photographing a few unexpected and 
short-lived scenes under such conditions! A year later, the 
divers worked with a magnesium flash; six flash lamps were 
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linked together in the shape of a crown, in a watertight 
container, and fitted with six reflectors. A switch permitted 
rapid passage from one lamp to the next one. With such 
equipment it was possible to produce six flashes, and there- 
fore six photographs, and naturally it was an assistant who 
controlled this crown of lights, while the cameraman was 
sufficiently preoccupied with the problem of placing him- 
self in a suitable position. 

Photography at great depths had already been carried out 
by the American Maurice Ewing in 1941, in collaboration 
with representatives of the Oceanographical Institute at 
Wood's Hole. In the Pacific as well as in the Atlantic, the 
camera was lowered to thirteen thousand feet, and impressive 
images were secured of the abyssal depths. In this way can- 
yons were recognized in every way similar to those discov- 
ered by Anthoine and Marti in the port of Toulon; one 
could see the contortions and faults quite clearly. 

During the expedition of the Atlantis in 1948 startling pic- 
tures of crustaceans, spirographs, and pinnatules were ob- 
tained at the extreme depth of eighteen thousand feet. Lastly, 
and most recently, in the waters of the Californian littoral, 
the American Hancock Foundation used a perfected appa- 
ratus, the "benthograph." This is a sphere thirty-four inches 
in diameter, with cast-steel walls one and a half inches thick, 
four portholes, and a door the diameter of which measures 
fifteen inches. The sphere can rest on the bottom on four 
legs, and a cable passes through a flange on its summit and 
supports it at an angle determined before the descent. In air, 
when completely equipped with its instruments, the bentho- 
graph weighs 3256 pounds, and 2112 pounds in the water. 
A special winch can pay out a cable two and a half miles 
long. It takes ten minutes to lower the sphere to a depth of 
five thousand feet, and thirty-five minutes to bring it up to 
the surface. The quartz portholes have a diameter of six 
inches and the thickness of the panes is three inches. In 
front of each of its four portholes are fixed a moving picture 
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camera, a camera, a projector, and a safety valve, while pro- 
vision has been made for a television camera. 

The photographic apparatus makes it possible to take 
colored pictures, the film being seventy millimeters wide and 
one hundred feet long: at each descent, the photographer 
thus has at his disposal 325 exposures, that is to say one 
every thirty seconds; a synchronized flash, designed by Gen- 
eral Electric, is activated by a condenser which requires thirty 
seconds to recharge at 3400 volts; this source of electrical 
energy powers the lamps, which consume 1320 watts per 
second and develop 46,200 lumens per second. It is thus pos- 
sible to photograph objects situated at a distance of fifty 
feet from the lens. 

Thanks to this equipment, a series of absolutely remark- 
able photographs of abyssal seascapes have been obtained. 
The existence of canyons at all depths has been confirmed, 
and glimpses of the life at depths of sixteen thousand feet, 
of a large number of species of fish, numerous polychaete 
worms, hydrozoa, and benthic bryozoa have been obtained; 
while some very rugged rocky reliefs, showing giant crus- 
taceans moving in the cracks, have also appeared on the 
photographs. There is no doubt that this instrument will 
permit us to acquire a better and better knowledge of the 
mysterious world of the depths. 

Less ambitious but more direct, Dumas in 1951 invented 
the "pyrotechnic torch," which he asked Ruggieri to con- 
struct. Its great and obvious advantage resides in an au- 
tonomy as real as that of the diving suit: the diver holds a sort 
of pole at the end of which is a small watertight bag con- 
taining magnesium; the latter literally burns in the water 
like an oxyacetylene torch. We have had an extremely spec- 
tacular and somewhat weird demonstration of the fact in 
the film Le Feu sous la mer. The photographer-reporter 
thus asks the technician to contribute his knowledge. The 
value of such a device, however, has shown itself to be very 
debatable from a practical point of view, as in fact no accu- 
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rate regulation Is possible; sometimes the flame produces a 
long, blinding flash that overexposes the plate, while at other 
times the luminous spurt hangs fire, ending with an inade- 
quate flash that results in underexposure. Lastly, the very 
abundant smoke that is inseparable from the combustion 
of magnesium interferes enormously with the clarity of the 
pictures. 

At about the same time (1951) Dimitri Rebikoff, after 
having studied the lamps previously used, explained their 
poor photographical results by the abundance of the red 
rays they produced and the insufficiency of the blue ones (as 
we have seen, the transparency of the water is at its maxi- 
mum for a wave length of around 480 mji, that is to say in 
the blue portion of the spectrum). He recommended the use 
of a flash lamp that utilizes the discharge of condensers 
through a tube containing a rare gas (xenon), the condensers 
being charged by dry batteries of very high voltage. The 
various advantages of such a device seemed to him obvious: 
the light produced closely resembles daylight, being as rich 
as the latter in green and blue rays; the flash is extremely 
short, lasting only 1/1000 of a second (this rapidity is of 
great importance for the underwater photographers, who 
are handicapped by various movements: the movement of the 
diver toward the subject, that of the subject, sometimes in 
the other direction, not to mention the varied and unpre- 
dictable movements of the sea); the intensity of the current 
necessary (a few milliarnperes) is very slight, and, despite the 
oxidation which is practically unavoidable in the underwater 
environment, its passage occurs unfailingly, in a very reliable 
way; and lastly, such lamps will produce thousands of flashes 
without interruption, and we can easily conceive the extreme 
practical interest of this longevity, in the course of which no 
recharging is necessary. Thus Rebikoff has been able to pro- 
duce, during the course of a year, two thousand flashes with 
the same dry batteries, the voltage simply dropping from its 
original 1200 volts to 900. 
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Fig. 26. Rebikoff's photographic "torpedo" 



1. Steering handle 

2. Float 

3. Flash tube 

4. Reflector 

5. Ignition 

6. Filler cap for Insulating 

colorless paraffin oil 

7. Control column 



8, isoo-volt dry battery 

9. Watertight cable 

10. "Tarzan" container 

11. Winder 

12. Shutter release 

13. Float 

14. Watertight switch 

15. Unbreakable condensers (1200 mfd) 



The main difficulty arises from the high voltage with 
which one works (goo to 2500 volts). The slightest defect in 
watertightness would inevitably cause a short circuit, result- 
ing in the batteries being ruined. The manipulator, on the 
other hand, runs the risk of being electrocuted if there are 
any imperfections in the container. Rebikoff succeeded in 
overcoming these various difficulties by building an "elec- 
tronic torpedo/' which gave him entire satisfaction. The 
camera is attached to the flash apparatus at a fixed angle, 
which ensures that the light source is at all times correctly 
positioned. The device is very easy for a single diver to 
handle. In some cases, the inventor makes use of a small 
motor connected to the torpedo, which can propel him, on 
the surface, at a speed of three miles an hour. The unlimited 
quantity of possible flashes and the immediate recharge, 
which is completed in less than one second, mean that the 
device can function almost indefinitely. Lastly, the torpedo 
can be attached to a cable and provided with a proximity 
relay, which permits automatic shutter release. It can there- 
fore be used in the oceanographical researches carried out 
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by specialized ships, and from now on it will take its place in 
the complete equipment of the underwater photographers 

(Fig. 26). 

D. The Practice of Underwater Photography 

(a) Cameras. All types can be used, on condition that they 
are easy to handle, resistant, and provided with an adequate 
optical system. A lens o 73.5 at the minimum is indispen- 
sable. The cameras most frequently employed by both ama- 
teur and professional underwater photographers are the 
Universal or Standard Foca, the Leica, the Rolleiflex, and 
the Robot. 

(b) Watertight containers. The use of the camera is of 
course dependent on its being enclosed in a suitable water- 
tight container. Commercial models are now available: the 



Fig. 27. The watertight rubber 
container 



Visiola box, in plexiglass, for the Foca and Leica cameras; 
and its relative, quite recently placed on the market, made 
of metal and having external focusing, which Broussard has 
been able to lower at the end of a cable to a depth of 450 
feet, without damage. 

The excellent Tarzan container is an older model. It is 
designed for the Foca, Leica, and Robot cameras. Simple 
and robust, its porthole glass is protected by a thick sheet 
of cast aluminum, which acts at the same time as a sunshade. 
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Watertightness of the controls is ensured not by stuffing boxes 
but by rubber tubes. The view finder is a simple V-shaped 
backsight and a foresight, as on a revolver; a frame view 
finder may be employed if greater accuracy is desired. A new 
prototype will include an external focusing device. 

The Ondiphot is in fine steel and electrically soldered. 
Watertightness is ensured by stuffing boxes in the shape of 
a biconical chamber stuffed with waxed cotton wool. The 
joints are made of a very good quality plastic material. It is 
remarkably sturdy, and the Rolleiflex that fits into it permits 
one to take underwater photographs of great size. 

The Lesage watertight container resembles the Tarzan 
very closely in shape. It is made of very strong sheet metal 
two mm. thick and accommodates the Foca and Leica 
cameras. 

The Robot watertight container is one of the most robust. 
Owing to its round shape it is highly resistant to great pres- 
sures. The Robot camera it contains allows one to take forty- 
eight photographs in black and white, without reloading. It 
is, in fact, the ideal camera for the amateur diver who wishes 
only to retain souvenirs of his dives. But the diver who wants 
to use his photographs professionally for reproductions, pub- 
lications, and public projections will meet fairly often with 
protests from the makers-up and the block makers, who think 
that the size twenty-four by twenty-four mm. is too small, 
and consequently does not stand enlargement well. 

The Focascaphe for the Foca has just seen the light. The 
result of very exhaustive study by specialists in underwater 
diving, it is made of cast aluminum and resists great pres- 
sures. A knob fitted at the front part of the box permits easy 
focusing; the film winder and the shutter release are very 
light in operation, even at great depths. 

There is now a real spate of prototypes in the process 
of commercialization or completion, but the amateur can 
very easily tinker up his own watertight container. It will be 
wise, of course, to test it thoroughly before entrusting it with 
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a costly camera; the water and the pressure do not allow 
any fault to pass unchallenged. Here Is the simplest, the least 
costly model, and the easiest to construct: you take the pane 
of an underwater mask, which is to serve as a porthole, and 
around its edge you attach, by means of a collar that can 
be tightened firmly, a stout rubber bag (a football bladder, 
for instance, is perfectly suitable). The camera has been en- 
closed beforehand in the bladder; the elastic watertight bag 
is finished. It is quite easy to maneuver the controls of the 
camera, the winder, and the shutter release through the rub- 
ber. At shallow depths, this device, which will have to be 
carefully checked at each dive, is very convenient (Fig. 27). 
A type of container that is a little more complicated, but 
still very primitive, is the Trombinoscope of our friend 




Fig. 28. Stevens' 
"Trombinoscope" 



Stevens. This name, which suggests the crank, designates an 
ingenious arrangement. Here the porthole is again the pane 
of a diving mask. Gripped by the tightening ring, a right- 
angled frame fixes the camera with its longer branch, main- 
taining it against the pane of the porthole. Also fixed around 
the pane by the tightening ring is a tube of polyvinyl chlo- 
ride (a transparent, supple, and untearable plastic material) 
which is sufficiently large and is connected, by a double inter- 
nal and external ring forming a watertight joint, to the cuff of 
a surgeon's glove of reinforced rubber. It is sufficient to slip 
the hand inside the glove to manipulate the controls. Stevens 
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has used his very ingenious watertight bag 6 (Fig. 28) at a 
depth of eighty feet. 

Lastly, there is a stereoscopic device of de Wooters that 
reproduces the relief in a very realistic way. We have seen 
very beautiful photographs obtained with this camera as 
well as others taken with the Richard Verascope, but we have 
not had any experience of using those devices. Unfortunately, 
when one views the projection on a screen, it is necessary 
to wear special glasses that provide stereoscopic vision. 

Nearly all watertight containers are fitted with a valve of 
the bicycle-tire type, which allows one to compress a certain 
volume of air inside with an ordinary bicycle pump; thus 
the slightest leak can immediately be detected because of 
the revealing bubbles that escape. Furthermore, the excess 
inner pressure increases the watertightness of the joints of 
the box. 

(c) The exposure meter. Many watertight containers have 
no external focusing control. It is consequently necessary to 
focus the camera before introducing it into the container. 
For a twenty-five-mm. lens, which can be considered as a 
wide-angle lens, if one fixes the focusing at 8.6 feet the fol- 
lowing depths of field, with good definition, will be obtained 
at the various apertures indicated: 

at /i6 from 51^ to 161^ ft. (depth of field to 

at f/u " 6 to 12 the nearest 6 inches) 

at f/8 " 6i/ to iQi/z 

at f/5.6 "7 to 10 

at f/4 " 71/2 to 9 

The reader will realize that it is possible to employ such 
apertures only with a rapid black-and-white film. In order 
to obtain sufficient depth of field, one must work on an 
average at f/n. With color film things are quite different. 
The distance must be fixed at 16.5 feet, and one will thus 
have a clear depth of field: 

at f/5.6 from in/% to 26 ft. 

at f/4 from 13 to 25 ft. 



6 Commercialized at present under the name of "Plastiphot Ocina." 
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If the photographer relies on the exposure meter, he lays 
himself open to cruel disappointments, and in practice to 
about 70 per cent incorrect exposures. The reader must recall 
what we wrote about the light received from above and the 
diffused light. The meter will register the total luminosity 
and indicate values that would lead inevitably to under- 
exposure if one scrupulously observed them. The meticulous 
underwater photographer is thus obliged to perform a cer- 
tain number of preparatory manipulations if he wants to 
obtain successful photographs. If he is going to be for a 
certain length of time in a given stretch of water, in which 
he will be in a position to take a number of photographs, 
he must carry out tests at the surface of the water imme- 
diately above the place where he proposes to photograph; he 
must measure the intensity of the light with his exposure 
meter and note the aperture indicated for a given speed, 
say one-fiftiethlet us suppose it is f/8. He then dives and 
consults the meter for the aperture to be established at the 
depth in question and for a given subject; let us suppose 
that this is f/3-5- It then remains for him to take one photo- 
graph at f/3-5, and two other photographs, one at a larger 
aperture, f/2.8, and the other at a smaller one, f/4. Having 
noted the figures carefully, it is sufficient, after developing 
the film, to compare the proofs in order to establish, first, 
the corrections to be made to the figures given by the expo- 
sure meter in the water, and next the relation between the 
real figure in the water and the figure obtained on the sur- 
face. The operator will then be able to draw up a table of the 
ratios thus ascertained. The question, however, is far from 
being as simple as all that. First, there is no simple mathe- 
matical correspondence between these ratios. For example, 
if one has calculated in this way that at a depth of sixteen 
feet, in good weather and a calm sea, with the sun at the 
zenith, an aperture of f/4 is required, while on the surface 
f/8 would have been needed, it does not at all follow that 
because the next day the meter indicates f/i6 on the surface 



280 THE WORLD BENEATH THE WAVES 

one can therefore use an aperture of f/8 at the same depth 
(sixteen feet). On the other hand, such tests are easy to make 
if one dives off Cannes, Marseille, or Brest, where facilities 
for quick and efficient developing are within easy reach. 
However, when one is on the shores of the Red Sea, sur- 
rounded by the wastes of the Egyptian desert, or when one 
is exploring the continental shelves of an island in the Ad- 
riatic, there can be no question of proceeding by tests, of 
constant repetition of scientific experiments. It is in such con- 
ditions, however, that it would be most useful to have the 
assurance of a correct exposure, since the result of an entire 
expedition and the fate of sometimes 300 to 800 photographs 
are at stake. What bitterness when one has returned, if they 
should prove to be valueless 1 

Be that as it may, nothing is easier than to have a small 
plexiglass watertight container made for your exposure me- 
ter, if you absolutely insist on going by its indications. Need- 
less to say it must permit direct reading in order not to 
complicate further the mental operations required. Some un- 
derwater photographers may be able to include it in the 
watertight container of their camera; even so, a place must be 
found where one can lodge it, and the box must be transpar- 
ent; such a habitat is rather more easily found in the water- 
tight container of a moving picture camera. 

(d) Photography while diving. The diving photographer 
will find that the presence of all this equipment makes him 
rather clumsy. First of all, the container must be attached by 
laterally placed lugs to a strap that passes over the nape of 
the neck. There is only one material for this strap: a flat strip 
of rubber about one and a half inches wide, strong and of 
medium elasticity. Any other material, rope, elastic, cord, or 
cloth, would in the long run either chafe the neck of the un- 
fortunate photographer or irritate it toward the end of the 
dive. Some add a second strap which fixes the camera more 
firmly and which goes round the waist of the operator. We do 
not think that this is absolutely necessary; when in. the water, 
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we always favor the solution that reduce: to the minimum 
the encumbrance produced by the accessories; a single rub- 
berized strap is quite sufficient and will hold the camera at 
the level of the sternum, leaving enough space for the hands 
to seize it and to point it in the proper direction. 

As we have seen, most watertight containers have a valve 
that allows a supplementary inner pressure, thus diminishing 
the risk of the sea water entering. As a result, such containers 
float as soon as they are released, particularly if they are made 
of plexiglass. In the case of those containers made of cast alu- 
minum, however, this buoyancy is absent; to let the container 
go means to lose it, if one is over great depths. The strap is 
then essential, because any false maneuver may cost the diver 
a great deal. 

Thus equipped (with, of course, the mask, the breathing 
tube, and the flippers) the neophyte will feel rather clumsy. 
As soon as he dives, the camera will encounter the normal 
resistance of the water and hinder him. If he holds it, then 
he no longer has the use of his hands to guide his diving 
movements. Lastly, if the container is inflated with com- 
pressed air, the resistance that it has to sinking will discon- 
cert the diver and place him in unstable equilibrium. At the 
beginning, one is bound to admit, he will not cut a very ele- 
gant figure. This is where ballast comes in. Sea water is 770 
times heavier than air, and its density is more or less similar 
to that of the body, the corollary being that the influence of 
gravity is nullified. A human being is in neutral equilibrium 
at any depth, his own weight being equal to that of the water 
he displaces. This is not quite true of the photographer, how- 
ever, since a man weighing 155 pounds is two or three pounds 
lighter if he is carrying a float containing air, which in the 
circumstances is the watertight container. He will have to 
compensate for this increased buoyancy by a supplementary 
weight, which will vary according to the volume and the 
density o the individual (in practice, from two to eight 
pounds). Generally, a belt made of braided cloth on which 
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are slipped small leaden cubes, as on the stem of an abacus, 
is enough. The diver can then adjust his ballast exactly, 
which ballast remains, once determined, constant for the 
same subject. Some divers prefer to wear this ballast as a 
necklace rather than around the waist; this is a personal mat- 
ter. At first, one can scarcely avoid taking photographs that 
turn out to have "moved." Even though he uses an exposure 
of one-fiftieth or even one one-hundredth, the photographer 
too often forgets that he has to allow for a threefold move- 
ment: first, the involuntary movement that he imparts to the 
camera; next, that which he continues to execute in his dive, 
as it is exceptional to release the shutter while motionless in 
the water; and lastly, that of the fish, which is sometimes 
extraordinarily rapid. 

View finding is a very important part of the process of 
snapshotting. Many cameras are provided with an optical 
view finder that allows perfect theoretical control. In my 
opinion, however, the physical conditions scarcely permit an 
easy adaptation of the eye behind the view finder pane, and 
moreover, the subject to be photographed is generally too 
small for it to be usefully "seized" while it is performing 
evolutions which are often ultrarapid. All cameras can be 
fitted with a frame view finder, a large metal frame that en- 
ables one to center the image very rapidly and easily. Per- 
sonally, I confine myself to that kind of view finding, but 
perhaps my shortsightedness limits a rapid centering with the 
optical view finder. I have experienced neither surprises nor 
disappointments with the frame view finder, but of course 
setbacks are not lacking in the early stages. One can feel 
pretty safe in predicting the surge of anger that the neophyte 
will feel at the ironical spectacle of the tip of a tail in the 
corner of a photograph, the only vestige that remains, after 
developing, of the formidable tuna he was so certain of hav- 
ing caught in the lens, or when confronted by the strange 
pearly border of his photograph, otherwise rigorously empty 
of any other images, and which he himself knows to be the 



PICTURES FROM THE DEPTHS 283 

incurved abdomen of that astonishing hundred-pound derbio 
that had literally jostled him a fact, however, that his friends 
are singularly reluctant to credit. 

(e) The diaphragm. In black and white, with the rapid 
emulsions we now have at our disposal, it is possible to use 
all apertures. Without artificial lighting, one can take good 
photographs even at two hundred feet at an aperture of f/2, 
but then, needless to say, the depth of field is extremely shal- 
low; at thirty feet, it is usual to close to f/ii, if one uses the 
Kodak Super XX film with a twenty-five-mm. wide-angle lens 
(the specialist prefers to open a little more and to use the 
simple Super X, as the grain of the Super XX is too visible). 
It is all a question of circumstances, in fact, of the depth of 
the dive and the emulsion used, and it is therefore impossible 
to formulate a rule. 

With color photography, things are quite different. The 
conditions are much more restrictive. We have seen that the 
absence of the more selective luminous rays left no red at 
three feet, no orange at ten feet. In those conditions, to pho- 
tograph at twenty or twenty-five feet in color is a negative 
operation, as everything is uniformly gray-blue or blue-green. 
The experiment has in fact been carried out of taking two 
photographs at the same place, one in black and white, the 
other in color, and afterwards of coloring the black-and-white 
negative in green-blue; the results were in the end more or 
less interchangeable. 

In practice, therefore, using Kodachrome daylight film (the 
only emulsion of which we have had any experience in under- 
water photography) if the conditions on the surface are ex- 
cellent (average luminosity 45,000 lux), one can expose as 
follows: 

Exposure f-number Depth 

1/50 1/5.6 $ft. 



This of course applies to waters fully lit by the sun. As 
soon as the diver wishes to take dark corners, the entrances 
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of caverns, or fishes on a background of dark algae, he must 
open up more and more, reckoning f/2.8 for an exposure of 
one twenty-fifth, and must not expect, moreover, to have the 
slightest depth of field. 7 

Systematization would, in any case, be rather ridiculous: 
conditions are never quite the same, as the terrestrial pho- 
tographers are quite aware, and this is even more true of the 
underwater environment; the figures we give can be only 
rough guides to the size of aperture required. To those be- 
ginners who have themselves no preconceived idea, these 
indications may serve as a guide in their own experiments. 

(/) The different sources of artificial light. Once a depth 
of three feet has been exceeded, the reality of the underwater 
colors can only be made to appear, as we have seen, with the 
help of artificial light; all technicians are now agreed on that 
point. What are the possible sources of such light? 

Arc lamps. Boutan used this form of illumination in his 
first experiments in underwater artificial lighting. Their ac- 
tinic properties ("color temperature") are excellent, and their 
light is exceptionally white. There is, however, the limitation 
imposed by the necessity for a cable connecting them to a 
boat, and the enormous encumbrance represented by the 
heavy containers for the lamps. 

Incandescent lamps. These can be used, as by Williamson 
and Cousteau, as spots hanging at the end of cables, still 
connected with the boat. Here again there is the famous hin- 
dering cable, which moreover, owing to its electrical resist- 
ance, absorbs a considerable part of the energy of the current. 
One must also take into account the color temperature of 
such lamps, which at its maximum is 3400 degrees on the 
Kelvin scale (about 6600 degrees Fahrenheit). The spectrum 
of such electric light will therefore be rich in red rays and 



7 The Foucher-Cre'teau team, Rives and ourselves, have used Kodachrome 
artificial-light film with the colored filter Wraffen 85. The same figures are 
used as for Kodachrome daylight film. The experiment was designed to 
diminish the green-blue dominant. It seems to me that the photographs are 
better. I would not, however, swear to it. Let us wait for confirmation. 
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poor in blue ones. The study of the optical characteristics of 
marine waters has shown us their strong absorption of the 
reds and the oranges, their minimum selectivity of the blues 
and the greens. The light provided by incandescent lamps, 
whatever their strength, consequently cannot have great 
power of penetration. In practice, a one-kilowatt incandes- 
cent lamp will provide adequate illumination under the 
water for a distance of only three feet. 

Magnesium flashes. The same can be said of the classical 
magnesium flashes. Here the color temperature is a little 
higher -3800 degrees Kelvin (7300 degrees Fahrenheit) but 
the same restrictions are imposed. The servitude of the cable 
has been got rid of, but another disadvantage is present: the 
limitation of the number of photographs that can be taken, 
only a few in all (from six to eight when using containers 
where lamps are arranged in the form of a crown 8 ). 

For these various reasons, Rebikoff has decided in favor 
of the electronic flash. 

The electronic flash. The actinism of the electronic flash 
is 5600 degrees Kelvin (10,500 Fahrenheit), so that the pro- 
portion of its radiations that are not absorbed is therefore 
quite sufficient. The power source, using a dry battery of 
150 watts, is not unduly bulky. The housing of all the re- 
quired apparatus inside a torpedo confers upon the device 
the optimum hydrodynamic properties, the lowest resistance 
to movement through the water, and consequently the great- 
est ease in handling for the diver. Finally, the camera being 
permanently fixed in a rigid fashion under the optimum 
angle of lighting, there is no need for any assistant or for 
a calculation (mentally difficult at great depths) of angles of 
view finding and position of the operator. 

The torpedo now used by Rebikoff and the members of the 



** J, A. Stevens has recently perfected a new and very convenient flash with. 
magnesium lamps, in which the lamp is in direct contact with the water, as 
well as the supporting socket. It is, for that reason, very easy to change the 
lamps under the water, the spare lamps being fixed on the supporting arm 

of the reflector. 
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Club Alpin Sous-matin consists of the following elements: 
a casing, made of molded plexiglass free from air bubbles, 
contains from front to back a flash tube filled with xenon at a 
pressure of fifteen cm. of mercury, the ignition coil and 
condenser, the main condensers of a capacity of two hundred 
microfarads, and the batteries (eight hundred elements each 
of one and five-tenths volts, that is to say twelve hundred volts 
in all, capable of delivering one ampere). This container is 
filled with insulating colorless paraffin oil. The refractive in- 
dices of the oil, the plexiglass, and the sea water being very 
close to one another, no loss of light and no parasitic refrac- 
tion are to be feared; all the parts under high voltage are 
surrounded by a metal frame connected with the main mass, 
thus forming a Faraday cage. Even in the case of the explo- 
sion of a lamp, no serious accident can occur. When ignition 
produced by the fifteen thousand volts of the coil takes place, 
the very powerful discharge (about six hundred amperes) pro- 
duces an intense flash of 6,500,000 lumens. The camera a 
standard Foca with a thirty-five-mm. f/3-5 lens, is rigidly fixed 
onto the whole in such a way that the lighting tube is situated 
five feet in front of the porthole of the lens; the optical axis 
of the reflector (the cone of which opens at ninety degrees) 
and the optical axis of the camera describe an angle of fifty- 
five degrees, which experiment has revealed as being the best 
for creating an impression of relief. The device is flanked in 
front and at the back by two ogival floats. They give the 
torpedo (despite its forty pounds out of the water) a neutral 
buoyancy and confer upon it a hydrodynamic shape, which 
results in the diver never being hindered in his movements 
and never becoming short of breath at great depths. The de- 
vice is particularly easy to handle, and it is operated through 
the intermediary of a "control column" (Fig. 26). 

With this equipment, the author, Broussard, and numer- 
ous divers from Cannes have been able to obtain sensational 
color photographs. Some of them are reproduced in the book 
written in 1952 by Rebikoff, entitled L' Exploration sous- 
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marin, and there are some other admirable ones in the recent 
volume published by Larousse, La Her. 

It is certain that amateurs and also professionals have 
here at their disposal a convenient device, which enables 
them to equal the experienced specialists. One drawback 
though, which may change, is its price, still fairly high. 

The lenses of the underwater photographers, directed to- 
ward the fogs of the depths, have a value that is more than 
just one of poetical evocation. They can provide precious 
information that may be very useful in underwater work: 
a photograph of a breakwater that has to be cleared of sand, 
a quay that has to be repaired, a damaged propeller, the 
breach of a hull, the inside of a wreck into which light can- 
not penetrate. Underwater photography also permits techni- 
cal studies of special problems in ballistics; photographs may 
be taken with an exposure of only 1/500 or even 1/1000 of a 
second of rapidly moving objects such as torpedoes, one-man 
submarines, etc. 

Patiently, man's genius overcomes Neptune's reticence. 
The submarine fogs disperse before the xenon flashes. The 
true colors, which divers had never been able to know (do the 
fish, even, have any idea of them?) spring into being under 
the brutal shock of six million lumens. And in greater and 
greater numbers, the underwater divers, equipped with brass 
watertight containers, taking with them their carefully pro- 
tected films, proceed to capture, to seize, to tear from the 
world of the waters, no longer the pathetic corpses of its 
inhabitants, but surely a more noble and more durable feat 
the actual life of the depths, indelibly fixed on the gelatine 
bromide, in the strange and fascinating environment that 
sees its unfolding. 



9 Underwater photography has just seen its consecration. In June, 1953, a 
series of lectures were delivered on this new chapter in optics at the Physical 
Laboratory of the National Museum of Natural History by M. Alexandre 
Ivanoff, assistant director of the laboratory. 
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2. Underwater Cinematography 

A. History 

It is not difficult to imagine that, after their initial success 
in securing pictures of the wonders of the depths, the first 
underwater photographers longed to see these pictures be- 
come animated. To demonstrate to the earthbound the ex- 
traordinary density of the shoals of bogues jostling one 
another like frightened sheep that was fine. But to be able 
to re-create at will the incredible vivacity of those battalions, 
performing their evolutions as one, flashing into motion or 
reversing in their tracks in a blaze of scales that was better 
still: it was expressing the life of the depths itself, the ever 
changing, multiple, abundant life of the sea. 

In this new sequence of tentative gropings and of discov- 
eries, we find the same names that distinguished themselves 
in the technique of underwater photography not, however, 
that of Boutan; he was a little ahead of events, since, as the 
reader knows, the famous demonstration of the Lumire 
brothers in the basement of the Care de Paris, the first dem- 
onstration of the Cinematograph, dates from December 28, 
1895. 

We find, on the other hand, that of Williamson. We have 
already mentioned the immense and sudden fame that this 
young reporter of the Norfolk Virginia Pilot achieved by his 
successful underwater snapshots in Chesapeake Bay. Snob- 
bery and fashion taking hand in the game, the Hollywood 
producers, backed by an impressive array of millions, pre- 
pared a program of underwater supercreations. Williamson's 
photographs had been taken in 1913. As soon afterward as 
1914, in the waters of Nassau, which are particularly clear, 
a great deployment of forces contributed to the production 
of The Girl of the Sea. In 1915 came an unforgettable 
Twenty Thousand Leagues Under the Sea, which ended in 
the superspectacular manner, very far removed, one must 



PICTURES FROM THE DEPTHS 



289 

admit, from the real ending as contrived by Jules Verne. In 
the American version, the Nautilus' captain, in his hatred 
for humanity, hurled his craft against a ship loaded with am- 
munition, and the whole lot blew up, burned, burst, and 
thundered in an unlikely hubbub suggesting the end of the 
world. Needless to say, there was a fair young heroine who, 
her eyes brimming with tears, extended her beautiful arms 
toward her savior, Captain Nemo. A little later, in 



Fig. 29. Williamson's 
underwater observa- 
tion chamber 




First World War had intervened came The Mysterious 
Island, this time in color. In order to ensure the success of 
all these epics, there were sequences showing young girl 
swimmers, beautiful as the light of day the Esther Williamses 
of the time; native divers who, confronted by ferocious 
sharks, filled the office of propitiatory victims; divers who 
writhed in the clutches of monstrous octopuses (made, it is 
true, of rubber, as we have seen) . . , but above all there was 
the famous Williamson watertight submarine cabin. 

This steel ball, which weighed four tons, was provided 
with two large portholes permitting vision and photography. 
One entered it through a flexible metal tube, which just al- 
lowed the passage of a man, and whose metallic circles formed 
so many easily negotiable steps. The length of the pipe was 
about fifty feet, the thickness of its walls increased from top 
to bottom, and, as a result of experience, it was given, a curve 
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that was calculated to counterbalance the effect of the cur- 
rents and the pendular movements. Indeed the tube hung, 
as it were, from the middle part of the hull of a ship, the 
bottom of which was designed so that one could enter or 
leave the tube directly from the hold. It was capable of a 
limited degree of "concertina" movement. Axially and lat- 
erally placed searchlights, using mercury-vapor lamps, pro- 
duced an artificial illumination, which however was sufficient 
for only a limited expanse, and an immense reflector could 
be lowered from the boat to a depth not exceeding nine or 
ten feet and placed above the sphere; all the same, only 
medium-distance shots or close-ups were taken, and the clar- 
ity was very satisfactory for the time (Figs. 29 and 30). 




Fig. go. Williamson's 

tube and sphere in 

action 



In short, this experiment of Williamson's, fascinating in 
itself, quickly sank to the somewhat degrading level of a 
commercial enterprise. The original illusions faded rather 
rapidly. It had been hoped to photograph the depths while 
moving continuously through them, the operator being taken 
in his cabin around the bottom o the sea by the ship, of 
which he was part and parcel, thus registering this fantastic 
progression on the film. The difficulties and the dangers 
soon caused the initial hopes to be abandoned. The optical 
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characteristics of the water, absorption, diffusion, and attenu- 
ation, are present to just the same degree in the Bahamas as 
elsewhere. If the cabin traveled through the mass of the open 
sea itself, the lighting was definitely insufficient, and the 
camera registered only monotonous dusklike softness, trav- 
ersed at times by indistinct shadows. If, on the contrary, the 
boat moved in shallow depths of fifty to sixty feet allowing 
the cabin to drag on the sea floor, the device lay at the 
mercy of higher coral formations or rocks, seen too late to 
be avoided, and of the swell that might smash the steel 
sphere against a boulder. The interest presented by the appa- 
ratus became localized and restricted; once lowered onto the 
sea floor, with the boat at rest, it was simply a fixed under- 
water studio. All that remained to do was to wait in front 
of an unchanging background for the underwater life to 
reveal its interesting side, to lay bare its secrets, and that at 
a depth of only some fifty feet. 

Once the novelty due to the new situation of man, at the 
same time prisoner of the sea and ravisher of its secrets, had 
worn off, Williamson's cabin became merely a useful adjunct, 
part of the heterogeneous arsenal of the Hollywood techni- 
cians. Once the domain of exploration and discovery had 
been abandoned for the more static one of the cinema, it 
remained to only take one more step, and the field of trick 
photography was reachedfake drownings, false treasures, 
phony sharks, imitation victims, rubber octopuses, pseudo 
lif e-and-death struggles. This string of filmed lies was dragged 
past the porthole of the cabin, and one certainly did not 
think any longer of the discovery and the multiplicity of 
the underwater universe. The water was there only to em- 
phasize the technical difficulties. In fact, one might just as 
well have filmed the same scenes taking place in a giant 
aquarium, strewn with authentic corals and inhabited by 
tame tropical fishes, while standing on the other side of the 
pane, on dry ground, 
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Williamson's experiment was nevertheless an interesting 
one; the man was daring and likable. He took with him into 
the underwater cabin his wife, who sketched, and his baby, 
who slept for long hours. If he had not allowed the Holly- 
wood directors to circumvent him, in order to make money, 
his discovery would perhaps have evolved toward more sub- 
stantial results. 

After 1925, nobody again took up such experiments; we 
have to wait until 1934 to find, on the beach at Saint-Raphael, 
a man who persisted in enclosing cameras in hermetically 
sealed boxes and going "to have a look down there." This 
man was Commander Le Prieur, the camera was a sixteen- 
mnL Cine-Kodak, and the watertight container had been con- 
structed according to his instructions. 

From 1934 to 1939, Commander Le Prieur shot, both in 
black and white and in Kodachrome, the gambols of divers 
with diving suits or with no apparatus whatsoever, sequences 
of underwater hunting, a demonstration of escaping from a 
submerged submarine, 10 the salvage of a sailing boat sunk 
at a depth of thirty feet near Saint-Raphael (on August 25, 
1937). Those various strips were in fact spliced into a short 
film of twenty-five minutes, which the author showed at the 
Oceanographical Museum on November 28, 1938, to the 
members of the Socit d'Encouragement pour llndustrie 
Nationale on December i, 1938, and at the Faculty of Science 
of Marseille in July, 1939. This film was presented to the 
Parisian public in May and June, 1943. Captain Cousteau, 
desirous of paying homage to his elder and predecessor, to 
the man who had so clearly pointed the way, introduced with 
it the film Epaves, which he himself had taken. The innova- 
tions and the cinematographical knowledge of Commander 



1 This took place in the roadstead of Saint- Mandrier off Toulon, on May 10, 
1937; Commander Le Prieur, seated (and naturally wearing his diving suit) 
on the deck of the submarine Redoutable, which was submerged, shot the 
opening of the flooding chamber and the ascent to the surface of a sailor who 
emerged equipped with the Davis submarine escape apparatus. 
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Fig. 31, Le Prieur container for motion-picture camera 

Le Prieur should not surprise us when we remember that in 
1929, at a time when he had been for two years chief techni- 
cal adviser to the film studios at Joinville (Path<-Nathan) 
this inventive naval officer had discovered and perfected the 
device known as "back-projection," used for the first time in 
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the world in the film Le Ruisseau, and universally used later 



11 



on. 

In underwater matters, Le Prieur had a remarkable col- 
laborator, Painleve, who brought to the question an experi- 
enced technique. It was he who, in 1934, replaced the inade- 
quate loading of one hundred feet and the hand crank of 
the camera by four hundred feet of thirty-five-mm. film and 
an electric motor. The two underwater photographers nat- 
urally read with interest the accounts of Beebe's dives, and 
could not help roaring with laughter at the passage about the 
shark. The reader probably remembers it: in order to obtain 
photographs in the night of the depths, Beebe has conceived 
an idea for a special flash. At the end of a long pole, outside 
his sphere, he has fixed a capsule of fulminate which, con- 
trolled from the inside, can burst into flame. A shark goes by. 
Beebe switches the contact on, the capsule explodes. The 
shark shows little interest, but Beebe however suddenly finds 
himself on the bottom of the metal cage, semielectrocuted. 
After laughing, the underwater pioneers turned their atten- 
tion to their own lighting. They had difficulties with electric- 
ity in the water; so they attended with great care to the 
insulation of their wires, made sure that their five-hundred- 
watt lamps were rigorously watertight. Despite all their ef- 
forts, Painlev relates that at each flash the operator "re- 
ceived a sort of blow on the whole body, and quite a disagree- 
able one/' Beebe was avenged 1 

At about the same time, Hans Hass, an adventurous stu- 
dent, left for the Caribbean islands with simple Fernez 
goggles, flippers, and a sixteen-mm. camera in a watertight 
container, which he had made according to his own specifica- 
tions. He brought back sequences of considerable sporting 
and documentary value. 

11 Back-projection is the trick that is used when it is necessary to shoot 
impractical or dangerous scenes, such as the fight between a man and a lion 
or a hippopotamus; it consists of having part of the scene acted in front of 
a special screen, on which is projected, from behind, a film that serves as 
an animated background. 
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And then ... it was the Cousteau period. 

In 1936, Cousteau had met Philippe Taillez on the Con- 
dorcet. Together with Frederic Dumas, they constituted a 
permanent underwater trio. At that time it was perhaps 
Dumas who was most interested in the question of under- 
water photography and cinematography. He had found noth- 
ing better as a watertight container than a jam jar for his 
tests. In 1939, after working with sixteen-mm. film, Cousteau 
started thinking more and more of the cinema in thirty-five- 
mm., of the real cinema, and in the very middle of the 
Occupation, in 1942, he set out to try and put his projects 
into execution. An active naval officer, though his superiors 
looked with a kindly eye upon his attempts, Lieutenant Cous- 
teau had only Sundays and one other day a week for his 
experiments. He had to make his way, heavily loaded with 
cumbersome equipment, to one of the spots on the coast that 
presented particular interest. Transport was practically non- 
existentthis, we must remember, was in 1942 and he had 
to walk, cycle, or board crowded trolleys. 

Arrived at the site, he had to take his camera into the 
water, and this camera had to be loaded with film. Now dur- 
ing that period there was nothing on the market in the way of 
films or lenses worthy of the name. He proceeded to tinker up 
an ancient Kinamo Zeiss, fitting it with an f 71.5 Hugo Meyer 
"Kinoplast" lens which through a stroke of luck he had 
discovered in the bric-a-brac of the junk market in Marseille. 
The watertight container was of brass, with external focus- 
ing control, and closed by a stuffing box (this work was car- 
ried out by the naval engineer V&che). Spools of sixteen-mm. 
film were slipped inside that is to say ten spools of Leica, 
slyly bought one by one from different photographers (this 
was the only way in which he could acquire a supply of 
film) and these frequent reloadings were irksome. Add to 
that the fact that the Kinamo scratched terribly, and that 
the photographer who developed the filmin secret was lia- 
ble to fits of absent-mindedness or accidents, which sometimes 
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cost the obstinate cinematographers and you can imagine 
their rage 2600 feet of film at one go! 

Fortunately, they had perfected a technique for shooting 
quite a military one that enabled them to obtain excellent 
sequences with little wastage. When the spectators saw emerg- 
ing from the rocks of the Magnons, which are hollowed out 
into real underwater tunnels, a horde of fishes whose closely 
packed ranks broke formation and scattered almost up against 
the lens, they may have thought that luck was favoring the 
underwater cinematographers. In point of fact, a producer, 
Taillez, dominated the situation from the top of a rock like 
a Cecil B. De Mille; it was he who signaled to the cameraman 
(in this case Cousteau) when to dive. As soon as Cousteau 
arrived at the level of the entrance to the tunnel, and while 
there still was nothing interesting to shoot, he nevertheless 
started the camera. He was, in fact, aware that four seconds 
after his own dive, Taillez had ordered Dumas to dive; and 
the latter, at the other extremity of the tunnel, proceeded to 
head back all the aquatic fauna of the neighborhood. Find- 
ing themselves pursued, the fish sought to escape by dashing 
through the famous tunnel, and at the other end the lens 
registered their sudden arrival in battalions that crossed right 
in front of the cameraman. 

In spite of the difficulties, the hazards, and the blows of 
fate, the team of the Three Musketeers succeeded in splicing 
up fifteen hundred feet of film, which became Par dix-huit 
rnetres de fond> a strip containing the essentials (even the 
details) of the technique of underwater hunting, in the course 
of which the capture of the chief Mediterranean fishes can 
be seen from various angles. The poetry of the underwater 
scene is by no means excluded from it I am thinking par- 
ticularly of the terminal sequence, of the ascent from the 
depths of the hunter, burdened by the enormous mass of his 

game. He has just struck down a derbio In the foreground, 

the fish with its widely open mouth dwarfs the figure of the 
hunter, making it look quite insignificant. In back-lighting, 
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the shadows of their bodies seem fantastic, as together they 
rise up from the darkness of the depths toward the shim- 
mering mother-of-pearl of the surface where the sun, with its 
separate rays like giant fingers, seems as if it were an enor- 
mous lighthouse guiding the diver back to terrestrial life. 

The team, however, was to do better still. It adapted a 
Leblay, which exposed one hundred feet of film without re- 
loading, and which was provided with an excellent lens, an 
f/i-5 Sonnar. And then this was in 1943 the Cousteau- 
Gagnan diving suit was finally perfected, and from that time 
on it gave the operator peace of mind in the waters, a longer 
duration of stay, and greater facility of movement, all of 
which made the shooting of films considerably easier. 

This time the watertight container was really watertight. 
The team profited by the experience acquired with the ear- 
lier boxes, in which leaks due to pressure, and catastrophes, 
were not lacking. Now the container was made to breathe, 
that is to say it was provided with a cylinder of air com- 
pressed at two hundred hectopiezes and, through the inter- 
mediary of a special reducing valve, it was automatically 
submitted to an inner pressure slightly greater than that of 
the surrounding water. 

From Marseille to Cavalaire, the team dived down to some 
fifteen wrecks, shooting certain scenes at a depth of 150 feet, 
which constituted a record at the time. In this way, it secured 
4000 feet of film, which achieved a great success with the, 
public under the name of Epaves, For the first time, the 
poetry, the unreality, and the charm of the submarine sea- 
scapes could be appreciated by the uninitiated; for many it 
was a revelation, for some it was a call, and owing to this 
film a number found their vocation and became divers. 

For Captain Cousteau and his collaborators, underwater 
cinematography now constituted the greater part, if not all, 
of their activities. After trying out a number of different 
methods for stabilizing the camera in the water while diving, 
after rejecting fins, rudders, blades, they settled for a butt, 
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consisting of a kind of elongated stick provided with two 
handles that enabled the operator to direct the camera as if 
it were an electrical torch held at arm's length. In this hunt- 
ing for pictures, where the weapon is the camera, they re- 
membered that one can shoot better with a gun than with a 
revolver. The technique of underwater filming is, in fact, 
very different from that of terrestrial cinematography. The 
camera is traveling at all times. The results are very spec- 
tacular, and the spectator forgets the existence of the lens; 
it is he himself who passes under the stone arches, enters the 
grouper holes, dashes toward the splendid derbios, or roams 
about on the coral-encrusted sea beds amid the ghostly out- 
lines of dead wrecks. Despite wide-angle lenses, which are 
practically obligatory, the main difficulty in underwater cine- 
matography arises from the effect of diffusion, the fogginess 
of the waters, which we have sufficiently explained, and which 
makes it impossible to obtain clear pictures of subjects at a 
distance of more than thirty to forty feet. On the other hand, 
the refraction of the air-water surface of the container in- 
creases the focal length of the lens in the ratio of four to 
three, that is to say brings the subjects nearer by one-quarter. 
Those two conditions make it very difficult to get clear pic- 
tures of wide expanses: sharks, mantas, wrecks, etc* 

Captain Cousteau continued the series of his films. After 
Epaves, it was Pay sages du silence, then in 1948 Phoques du 
Sahara this, in fact, was hardly, if at all, an underwater film 
and Autour d'un rdcif, which he brought back from his 
expedition to Cape Verde with Professor Piccard and his 
famous bathyscaphe. It was in one of the sequences of Autour 
d'un recif that the spectators saw the famous shark butting 
against the lens of the camera, completely darkening the 
screen with its hideous mouth. Then came Une Plongde du 
sous-marin "Rubis/* and lastly Garnet de plongde, the first 
colored film, in which were depicted the dives to the wreck 
of Mahdia (Agfacolor, thirty-five mm.) and the tragic end 
of the tuna imprisoned in the madrague or tuna net. Another 
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striking sequence here shows Dumas I think entering the 
water in the last chamber of the net, that which is called the 
"death chamber/' The tuna are confined in a very small 
space, and the floor of the net comes nearer and nearer the 
surface, thus diminishing their living space. Their nervous- 
ness is extreme, their agitation intense. Blood reddens the 
surrounding water; the Arabs clustered around the side of 
the net grab, with powerful gaffs, the bodies of those fishes 
that pass within their reach. The fish that remain in the net, 
feeling their end near, dash to and fro with frenzied activity, 
twisting and turning and suddenly reversing in their tracks 
in an alarming way. Dumas, fearless, slips into the middle 
of those powerful spindles and films away, until he is practi- 
cally touching them. (For my part, I would sooner descend 
onto a shark-inhabited bottom than enter this net vibrating 
with future victims.) 

In 1952, when the team returned from the Red Sea, we had 
Re quins, coraux, et lies desertes, and in March, 1953, the film 
of the archaeological exploration of Grand-Conglou^: Un 
Musde sous la mer, these last two in color. 

The cinematographical equipment of Captain Cousteau is 
now complete. For his undertakings, he is able to choose be- 
tween the two Cousteau-Girardot "bathygrafs," which are 
known in chronological order as the CG 32 and the CG 18. 
With the CG 32, filming can be carried out at from eight to 
twenty frames a second, all variations of speed being possible 
under the water* A twenty-four-volt, seventy-five-watt motor 
drives a spool of four hundred feet of thirty-five-mm. film. 
The CG 18 presents the same facilities, the various possible 
speeds ranging from eight to thirty-two frames per second, 
while the magazines permit a loading of one hundred or two 
hundred feet, the film being released either electrically or 
mechanically by means of a clockwork motor. A point that 
is not unimportant is that this new apparatus is much lighter, 
weighing only thirty-seven pounds. The two watertight con- 
tainers are equipped with a Morigraph camera fitted with a 
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KInoptic lens. The latest in the series is the Pathe-Webo M, 
known as the CG 16, whose film size of sixteen mm. is suit- 
able for certain sequences designed to illustrate lectures or 
theoretical expositions, as well as for inclusion in film librar- 
ies. It enjoys the benefit of all the advantages described: 
variable speed, diaphragm control, mainspring that can be 
wound up under water, etc. 

Other manufacturers, however, studied the problem of 
underwater cinematography, and thus it was that the Eclair 
company, using the Coutant-Mathot patent, constructed a 
splendid apparatus, the Aquaflex. The Aquaflex is a watertight 
container in two parts, of a general ovoid shape. A kind of 
rudder and stabilizing fins make for greater stability in the 
water, and the operator is thus able to manipulate the con- 
tainer with one hand, though the apparatus weighs 160 
pounds. It is flanked by a bottle of compressed air containing 
one liter at 2130 pounds per square inch. This bottle allows 
the Aquaflex with its capacity of thirty liters to descend to a 
depth of 150 feet, the automatic reducing valve maintaining 
an inner excess pressure of five ounces. A decompression valve, 
placed on the right side, is regulated so that the excess pres- 
sure cannot exceed the outside pressure by more than eight 
to nine ounces. During rapid ascents this valve must be 
worked by hand; a differential manometer permits a constant 
check on internal pressure. 

A Cameflex of the thirty-five-mm. or sixteen-and-thirty- 
five-mm. type can be introduced into the container. The mag- 
azines of four hundred feet of film are of a special model, 
ovoid in shape. Flanged spools of one hundred or two hun- 
dred feet can also be used. Opening the container, reloading 
and closing it up again take four minutes in all. Three 
KInoptic lenses of twenty-eight, forty, and seventy-five mm. 
meet all photographic requirements just as on land. All speeds 
are of course possible, and diaphragm and focusing controls 
are situated externally. A motor consuming seven amperes at 
six to eight volts permits electrical release of the film. In 
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sixteen mm., one can have, without reloading, eleven min- 
utes of actual filming. A reflex view finder allows particularly 
accurate centering without parallax errors. A very carefully 
calculated ballast gives to the apparatus a constant neutral 
buoyancy. All the controls are under direct vision and easy 
to see Weston-Master 2 photoelectric exposure meter, differ- 
ential manometer, shutter speed indicator, footage counter. 
Lastly, a place is provided for a dehydrating agent, such as 
silica gel. 

B. The Practice of Underwater Cinematography 

(a) Film size. Before buying such a costly piece of appa- 
ratus as a moving picture camera, careful consideration 
should be given to certain points. First of all, which size 
should one choose? The eight mm. should be rejected; it 
terribly magnifies the tremblings and the movements of the 
cameraman during projection, and Heaven knows there will 
be plenty of them at first! The nine and five-tenths mm. is 
a possibility, but without any argument the sixteen mm. is 
the most suitable for the amateur, and the thirty-five mm. 
for others. 

(b) Watertight containers. The watertight container, un- 
less you have made it yourself, is practically dictated by your 
choice of camera. If you have a Paillard camera, it will be 
a Visiola box; if you have a Morigraph, it will be a Bathy- 
graf; if a Cameflex, it will be an Aquaflex container; you 
will use a Carnephot container for the Ercksam nine and 
five-tenths mm., etc. 

I neither could nor would advise the beginner. This book 
is not a manual of instruction. However, I can draw his 
attention to the fact that there is an increasing tendency to 
abandon plexiglass on the one hand and rectangular contain- 
ers on the other, as they have been found to be too fragile 
at great depths. Actually, for the underwater hunters who 
do not descend below fifty feet, and for scientific research, 
such equipment is satisfactory. For my part, I have for a 
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long time used a sixteen mm. Paillard-Bolex in a plexiglass 
Visiola container, but it is certain that for true divers, and 
as soon as depths exceeding 130 feet are reached, the effects 
of pressure, which may reach eighty, ninety, or one hundred 
pounds per square inch, must be taken into account. The 
solution remaining is to adopt the "breathing" system, which 
consists in adding a real self-contained diving suit, complete 
with reducing valve, this valve being adjusted to give the 
container a slight excess internal pressure, as in the Aquaflex. 
Even so, one has to beware of explosions during the ascent, 
in case of blocking of the evacuation valve. The autoclave 
system (the same as that of pressure cookers) is extremely 
safe. You can have the container made, preferably cylindrical 
in shape and in rustless duralumin, to fit the camera you 
possess. The possibility of the formation of electrolytic cou- 
ples should always be borne in mind, and the combination 
of the metals that will enter into the assembling of the con- 
tainer must be carefully studied. Hydrostatic equilibrium, 
which is necessary for easy handling, is much more difficult 
to obtain than is generally thought; even a carefully designed 
container like the Aquaflex, with its special ovoid shape, 
achieves neutral buoyancy only after extemporaneous bal- 
lasting tests. 

(c) Cameras. The camera should, as far as possible, be 
chosen for its qualities of robustness and resistance. Its shape, 
as we have seen, will determine the shape of the watertight 
container. As one is obliged to construct the latter with sev- 
eral plane faces, the shape of the whole is a parallelepiped, 
which is cumbersome when diving. Moreover, once the con- 
tainer is inflated at excess pressure, it forms a real buoy, 
thus tending to interfere with rapid progression toward the 
bottom. Even in surface swimming, the picture hunter will 
be markedly slowed down by this rectangle, so lacking in 
hydrodynamic qualities, and after four hours spent under 
the water, the extra fatigue that it causes is by no means 
negligible. This drawback becomes a major one when the 
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operator wishes to pursue a fleeing object, the handicap then 
imposed being a very real one. The camera must, of course, 
be able to hold a sufficient length of film; a loading of fifty 
feet seems to us to be a minimum. One must not forget that, 
at a speed of sixteen frames per second, a spool of one hun- 
dred feet is completely exposed in only four minutes six 
seconds, and, as it is practically obligatory to shoot in the 
water at twenty-four frames a second, not from the point 
of view of sound synchronization (fish do not talk) but be- 
cause of the additive effects of movement that of the camera, 
which films while traveling, and that of the subjects filmed, 
which are often fleeing the magazine is then empty after 
two minutes forty-four seconds, which is a very short time. 
It is, of course, just then that the prize scene of all will be 
enacted; it is that moment that the octopus will choose to 
seize its prey, the shark to come abreast, the instant when 
your best friend will transfix the elusive centenarian grouper 
that he had been watching for ten days. 

For the cinematographers of a large expedition, such risks 
are not very great. The spools are of four hundred feet, and 
even when the end of one is reached, there is always a loaded 
spare camera, a ready boat, assistants some immediate re- 
course. The amateur can count upon only himself. If he is 
accompanied by a boat, everything is fine; all he has to do 
is to emerge, hand over his watertight container, and wait 
patiently (for an ordinary camera, one must reckon a good 
ten minutes, for a motion picture camera five). If he is with- 
out a boat, just imagine him, obliged to trudge painfully 
over rocky or jagged ground, to return to the encampment, 
sometimes nearly a mile away, with his camera around his 
neck, his cinematographic gear in his arms, his mask on his 
forehead, lead ballast around his waist, his rubber flippers 
hooked Heaven knows where ... all that under the scorch- 
ing August sun, his feet naked and bruised by the rocks or 
the sharp stones of the beach. Brooding with all the bitter- 
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ness of the unfortunate who is missing the crucial episodes 
of his adventure, he undergoes a real Calvary. 

A practical drawback, which is also a very disagreeable one, 
is the short time for which the clockwork motor will run 
before it has to be rewound. With a Paillard sixteen mm., 
for example, the motor, even in neutral, will run only for 
a period not exceeding thirty seconds, at sixteen frames per 
second for twenty-four seconds, while at twenty-four frames 
the loaded spools will only be released for about twenty sec- 
onds. This means that any scene longer than that will neces- 
sarily be cut, and filming can only be resumed after re- 
winding the mechanism. This state of affairs can become 
exasperating, and the only solution is the electric motor. A 
number of cameras are equipped with these motors (Bathy- 
graf, Beaulieu, Aquaflex, Path-Webo M) but it is an acces- 
sory that can be added to any model. In most cases, a small 
motor of one-thirtieth h.p. driven by a battery will be enough 
for the sixteen-mm. size. In our opinion it is a very useful, not 
to say indispensable, improvement. 

The view-finding system can be optical, or of the frame 
type, or both. The Reflex view finder (of the Path6-Webo 
or the Aquaflex) constitutes, of course, the ne plus ultra. It 
is compatible with only a particular optical setting, but, in 
any case, one must not harbor too many illusions about the 
accuracy of cinematographic centerings in the bosom of the 
seas. It is even well to warn the beginner against being over- 
meticulous; in practice one operates by guesswork, directing 
the camera toward the scene to be shot, following the pro- 
tagonist or protagonists as one would do with a revolver 
(Cousteau has never filmed otherwise, and his centerings are 
nearly always excellent). 

The question of lenses is extremely important. They must 
be fast, of the maximum possible aperture (f/i-5 if possible), 
and of the shortest existing focal length: that is to say one 
must choose, from the series of wide-angle lenses, fifteen mm, 
in general for the sixteen mm. film, and eighteen and five- 
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tenths mm. for the thirty-five mm. Som-Berthiot have recently 
put on the market the Hypercinor lens, with very short focal 
length, which is particularly indicated. Why this necessity 
for a wide-angle lens? Because the operator must approach 
as near as possible to the object (in order to avoid the effect 
of diffusion and to get sufficiently detailed pictures) and at 
the same time preserve an interesting background to the 
scenes shot, otherwise he has only the monotonous fog of 
the aquatic mass. He finds himself, in short, in the same con- 
ditions as when, on earth, he wants to film a monument in 
a very short street: he simply has to use a wide-angle lens. 
Finally, we must not forget that, because of its refractive in- 
dex, the water also brings about an important optical modi- 
fication, lengthening the focal length of a lens by one-third, 
that is to say also shortening by one-third the depth of field 
normally obtained in air. This is another reason for using 
a wide-angle lens and even for adding to it a "correcting 
porthole/' 

Many amateur underwater cinematographers consider that 
focusing is a very uncertain proceeding while diving, and 
they fix their distance for rapid documentary scenes arbi- 
trarily at a certain figure. For our part, focusing at sixteen 
feet has seemed best for most scenes. We know that at f/ijj 
satisfactory sharpness of focus is obtained from seven feet to 
infinity, and we have always adopted this distance for our 
general planes and our American planes. For close-ups, we 
have never had any difficulty about accurate focusing, as 
one is not dealing with a rapidly moving subject, which has 
to be snapped quickly without the possibility of focusing, but 
with more static scenes an anemone opening its tentacles, 
a sea urchin moving slowly across the bottom, a coral fish 
grazing on the madreporesand there is nothing to prevent 
the photographer from focusing deliberately and accurately 
as on land. 

(d) The diaphragm. With respect to diaphragm apertures, 
do not look for precise instructions from me. In the first 
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place, can one expect accurate and useful Indications from 
the photoelectric cell? Hardly, In my opinion, or at any rate 
only after having calibrated it and applied numerous cor- 
rections for various different depths; one is then faced with 
so many figures that it is Impossible to remember them all, 
and since it is difficult to roam in the waters carrying a 
notebook, one acts as if one had not done anything. The 
aperture will depend on the light, the emulsion, and the 
scene to be filmed. With natural light, between 10:00 A.M. 
and 4:00 P.M., with a beautiful sun and a calm sea, one can 
film in black and white, and at a speed of twenty-four frames 
per second (that is to say, according to the camera, with 
shutter speeds of one-fortieth or one-fiftieth of a second) with 
an aperture as small as f/6.3; as for the film, the Kodak 
Super X is best, the more rapid Super XX having a grain 
that is too visible. With respect to color, we shall not re- 
iterate the conclusions we drew in the section devoted to 
underwater photography. Both theoretically and practically, 
we have shown that it is impossible to take successful color 
films, that is to say to reproduce on the screen the splendor 
of the reds and the oranges, the ochers and the yellows, as 
soon as the camera penetrates a little below the surface. This 
'little" is really very little indeed, since as soon as the camera 
has reached a depth of two feet it will capture only the 
yellows, the reds and the oranges having already fled. 

With daylight, consequently, and under the best condi- 
tions, if you can open at f/8 at the surface, you must reckon, 
with Kodachrome film, to work at f/4 at depths of three to 
fifteen feet, and open up rapidly to f/2.8, or even more 
widely, i you go further down. 

Circumstances, of course, alter cases: at fifteen feet, to take 
a grouper in front of a rock, one may need to open at f/2.8, 
while at thirty feet, on a sandy bottom brilliantly lit from 
above, one can safely stop down to f/4-5- All that Is a ques- 
tion of experience, but we can all the same lay down as a 
general principle that at f/4 from three to twenty feet, and 
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at f/2.8 from twenty to forty feet, one has the maximum 
chance of getting the best exposure. In this photographical 
adventure, it does not do to be overambitious, and even 
after many years you will often get only very disappointing 
results. The best underwater cinematographers reckon to get 
40 per cent or even 50 per cent of failures out of their color 
sequences. If you wish to avoid too many disappointments, 
you also had better envisage figures of that order. 

(e) Artificial lighting. Even in black-and-white photogra- 
phy, artificial lighting is of tremendous assistance. In color 
it becomes absolutely essential; first to restore the true and 
splendid colors of the depths (imagine, after you have feasted 
your eyes on the colored magnificence of the corals of the 
Red Sea, the disappointment of seeing this splendor reduced 
on your picture to a dull monochrome); next to permit the 
shooting of scenes that it is impossible to film without light- 
sequences in the interior of caverns, photographs in grottoes, 
subjects filmed at great depths, photographs of dark objects. 

Lighting with fixed sources of illumination, which are 
lowered from boats or landing stages, is possible only in cer- 
tain very limited cases; cinematography of port installations, 
scenes filmed always on the same spot (as was the case with 
Williamson), fixed and well-known subjects like the wreck 
of Grand-Conglou^ or any other archaeological subject. If, 
however, one really wants to do documentary work, swim- 
ming for hours at a time and seizing any interesting scene 
or event as one runs across it the sinister undulation of a 
moray along its rocky canal, the enormous flight of a horned 
manta with the tiny pilot fish under its light-colored abdo- 
men, the thousand multicolored colonies of an impressive 
coral formation, the sudden stampede of a group of barra- 
cudaif, trusting to the will of fate, one sets out to capture 
the multitudinous life of the depths, it is essential to have 
at one's disposal a source of light that is sufficiently intense 
and sufficiently reliable. 

(f) Results obtained with Rebikoffs electronic torpedo. 



308 THE WORLD BENEATH THE WAVES 

We shall not dwell again upon the characteristics of this 
device, which has already been described in the section de- 
voted to photography. It is the lighting arrangements which 
are changed here. One could, of course, have modified the 
photographic torpedo only slightly, simply arranging to syn- 
chronize sixteen or twenty-four flashes with the shutter of 
the camera. The high-voltage battery, however, would then 
have become far too unwieldy and too costly, and above all, 
the fact that each frame appeared with absolute clarity and 
sharpness would have robbed the projection of that appear- 
ance of softness, such as one gets with a photograph that 
has "moved" ever so slightly; this, as it happens, is one of 
the factors that confer on the cinema the power of produc- 
ing the illusion of movement (and that prevent one from 
being able to make really good prints from the negatives of 
the film). 

What one does, then, is to make use of a true xenon arc, 
functioning continuously during the shooting, and cooled 
by circulating sea water. The tube runs at 1000 watts, under 
a voltage of 25 volts, and furnishes 35,000 lumens. The 
source of current is provided by accumulators of a special 
type, with silver and zinc plates, their capacity being six 
times greater, for an equal volume, than that of ordinary 
accumulators with lead plates. The intensity of the light 
thus produced is unwaveringly steady, which makes it pos- 
sible to shoot a whole film without altering the aperture. 
The accumulator has a capacity of five ampere hours, the 
xenon arc a consumption of forty ampere hours, which means 
that at the end of eight minutes the accumulators are dis- 
charged. This is, of course, sufficient for an amateur under- 
water cinematographer, since, as we have already seen, a 
reel of one hundred feet is completely exposed at sixteen 
frames a second in four minutes, and at twenty-four frames 
in two minutes forty-four seconds. The drawbacks of such 
accumulators consist of their high price, and also of the neces- 
sity for stopping their discharge before total exhaustion in 
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order to avoid deterioration of the elements (a relay is pro- 
vided that automatically cuts off the current on the torpedo 
before total discharge). 

A Beaulieu camera is fixed rigidly onto the apparatus, and 
is driven electrically by a small motor of one-thirtieth h.p. 
Lastly, a propulsion motor can tow the cameraman behind 
his torpedo, instead of him having to propel it himself. The 
practical advantages of such towing are, of course, many in 
number. The motor consumes 180 watts, performs 8500 rev- 
olutions a minute, developing one-fifth h.p. and driving a 
three-bladed propeller, which gives the cinematographer a 
very appreciable speed of three miles an hour. The entire 
apparatus is made of duralumin tested at 400 feet, that is 
to say it resists a pressure of thirteen atmospheres, though it 
will really only be used at depths of 150 to 200 feet. 

The results obtained, though recent, are evidently ex- 
tremely promising. The first montage, a film presented to 
the public under the title Palais de corail, won the cup for 
the best scientific film at the 1952 Cannes Festival. There 
is no doubt that, as one improvement follows another, this 
equipment for amateurs as well as for professionals will per- 
mit extensive and fascinating cinematographical possibilities, 
particularly once the intensity of the illumination has been 
increased. 

C. Underwater Optical Correcting Systems 

The eye becomes hypermetropic in the water, as we know, 
and perceives only blurred images 12 ; the camera lens, when 



12 Jf we open our eyes under water without special precautions, we can 
distinguish only blurred shadows and not clear images. The reason is easy to 
understand: the eye is a kind of camera, the focal length of which is, in air, 
fifteen mm., and the refractive elements of which have a convergence of 
sixty-seven diopters (the convergence in diopters is equal to the reciprocal of 
the focal length expressed in meters). Now the main role in the formation of 
the images is not, as one might imagine, played by the crystalline lens, whose 
convergence is twenty-five diopters, but by the cornea, a surface of separation 
between the air, whose refractive index is equal to i, and the liquid of 
the anterior chamber of the eye, whose refractive index is practically equal 
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inside a watertight container and "seeing" only through a 
glass porthole, is subject to the same drawbacks, due to re- 
fraction at the water-air surface of separation (strictly, water- 
glass-air, which amounts to practically the same thing) which 
the eyes of the underwater hunters experience behind the 




Fig. 32, Optical scheme of the "correcting porthole" of Ivanoff, 
Yves Le Grand, and Cuvier 

diving mask: apparent shortening of the distance of the ob- 
ject by one-quarter of its value, as well as reduction of the 
angular field, also by one-quarter. We have seen that, despite 
the use of a wide-angle lens, this latter optical characteristic 
tends to hinder the underwater photographer and the cine- 
matographer. 

to that of water (1.33)* This surface has a convergence of forty-two diopters. 
If the eye is immersed, the convergence of the cornea disappears immediately, 
and no amount of accommodation that the eye is able to effect is sufficiently 
powerful to compensate for this loss of convergence; the eye becomes hyper - 
metropic. 

In order to permit the formation of clear images on the retina, the diver 
could quite easily wear special biconvex glasses, made of a very refractive 
material like flint glass, for example. Biconcave air glasses would fulfill the 
same purpose (Ferber), Enlargement and apparent rapprochement of visible 
real objects, however, would then become too great, and the simplest solution 
is to allow the eye to remain in its aerial environment by means of wearing 
watertight glasses, the lenses of which have parallel faces (that is to say are 
made of plain glass as in the ordinary underwater vision mask). There is 
still enlargement by one-quarter, but then, if one wants to re-establish the 
true proportions, one can employ a correcting porthole of the Ivanoff or the 
Bratz type. 



PICTURES FROM THE DEPTHS $11 

In 1932, Jackman placed a diverging lens between the 
porthole and the lens, thus diminishing the angle subtended 
by the image. However the practical construction of such 
a correcting system necessitates the use of lenses that bring 
the image nearer, to an apparent distance of twenty cm. from 
the camera, thus eliminating any possibility of their real use. 

In 1950, Thorndike devised an optical system that gave 
a sufficiently sharp visual field of 75 degrees (that of a twenty- 
eight-mm. lens, the size of the picture on the film being 
twenty-four by thirty-six mm.) but it entailed working at 
f/n, which is much too small an aperture for underwater 
photography. This arrangement, moreover, meant that a spe- 
cial camera had to be used, in which focusing was carried 
out by moving the film and not the lens. Such a camera 
could not be used for any other purpose except underwater 
photography. 

At the beginning of 1951, Alexandre Ivanoff, Yves Le 
Grand, and Pierre Cuvier, of the French Museum of Natural 
History, designed the first type of "correcting porthole" for 
use with a fifty-mm. lens. In 1952 a second type, used in 
conjunction with a thirty-five-mm. f/35 lens made it pos- 
sible to retain the normal field of 63 degrees of that lens. 
The system consists of a diverging lens behind which is placed 
a converging lens. The combination gives a virtual image 
of the immersed object, of the same size and situated at the 
same distance as that object; this image is transmitted via 
the camera lens to the film. The final result is the same as 
it would be if the camera were in air, and the preservation 
of the true field is absolute (Fig. 32). 

Marcel Dratz, head of the optical laboratory of the Centre 
de Recherches Scientifiques,, Industrielles et Maritimes of 
Marseille, produced practically simultaneously (patent taken 
out in July, 1951) a similar porthole, whose optical differ- 
ence resides in the use of a correcting meniscus with concen- 
tric faces (instead of the concavoplane lens of Ivanoff) and 
of an afocal system, that is to say a system in which the super- 
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imposition of the image on the object takes place at infinity, 
and not at a distance of ten feet as in IvanofFs formula. 

It is certain that these correcting systems permit one at 
the same time to get as near as possible to the subject and 
to retain the maximum field of view, the main difficulty 
against which the underwater photographers and cinematog- 
raphers run. It can easily be foreseen that in the future nearly 
all operators will use such a system, which is a real step 
forward. 

D. Practical Advice 

In all cases, whatever type of camera and film you use, and 
regardless of the extent of your experience, we suggest that 
you bear in mind the following bits of practical advice, which 
we have learned to respect the hard way. 

First of all, in hot countries, be careful never to leave 
your camera, all ready in its watertight container, for a long 
time in the heat before you dive. If you do, as soon as you 
immerse your camera, irremediable condensation will take 
place on the vision porthole, which will blur and spoil your 
most beautiful scenes. Before diving, you can clean your 
vision porthole with fleshy algae, with a little cigarette to- 
bacco damped with saliva, or with the surface of a section 
of potato cut with a knife, the operation always ending with 
careful cleaning with chamois leather or special anticonden- 
sation paper (all opticians sell it in booklets). If you wish to 
be more scientific, you can also place an absorbent agent in 
a corner of your container: calcium chloride (in tropical 
countries, however, this chemical has an unfortunate tend- 
ency to turn into a useless dripping jelly, even in its metal 
container), silica gel, or some similar product. The best way, 
nowadays, is to use siliconized varnish and to treat with a 
brush all the glass parts that it is important to keep free 
from condensation. The incident, trivial in itself, may cost 
the work of a whole expedition, if you have not taken, steps 
to avoid it. 
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Next, remember that your camera is fragile and that, in 
the remote countries where you may use it, there is little 
chance of finding a skilled craftsman to repair your water- 
tight container. Of course do not count on the possibility of 
finding a standard model to replace it, and consequently take 
the maximum care of your equipment. After each dive, make 
it a rule to rinse the inside and the outside of your container 
with fresh water, remembering that salt and sand are the two 
sworn enemies of any mechanism; check the security of your 
stuffing boxes, as the life of your camera depends on their 
perfect watertightness. Lastly, be generous with grease for 
the outside metal parts, as the underwater environment is 
murderous to metals; no doubt you will have been told that 
they were rustproof, but two safety measures are better than 
one. Accept the fact that all your meticulous care and pre- 
cautions will not prevent your losing the minute screw that 
fixes this cogwheel, the tiny plug that caulks that orifice; on 
the coast of Saudi Arabia, at the tip of Crete, or off the 
Israeli coast, such spare parts are rather hard to come by ... 
so take a complete spare set with you. Take more than neces- 
sary, in fact; where things like that are concerned, it is better 
to be overcautious than overoptimistic The real success of 
an expedition often depends more on its perfect organization 
than on the genius of its promoters. 

3. Underwater Television 

One of the earliest successful attempts to use the television 
camera under the water was in 1947, in the atoll of Bikini, 
where it was employed to check the effects of the famous 
atomic explosion. Later, in 1951, came the magnificent suc- 
cess of the electronic eye that discovered the British sub- 
marine Affray after a flotilla of ships had sought for her in 
vain. Since then, progress has advanced further, and recently 
the Canadian technicians perfected a television camera en- 
closed in a steel cylinder of two and a half tons, manipulated 
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by an operator who remains in the parent ship, and which 
is able to move in all directions, under the water, at a speed 
of about one mile an hour. In America, the use of the tele- 
vision camera in port work has become frequent, if not 
common. 

Such improvements, however, did not remove the major 
drawback, the instability of the televisor whatever the system 
of stabilization adopted. The camera, hanging at the end of 
a cable, twists and turns in all directions with the rolling 
and pitching of the boat, and the image of any given object 
is transmitted for only a fleeting instant, without it being 
possible to keep the lens fixed on that particular scene in 
which one is interested. 

I had for some time been of the opinion that independent 
divers would be able to make a useful contribution to the 
solution of this problem. It seemed obvious that they were 
admirably fitted for playing the same role as the operator 
televising in a studio, who moves his camera nearer to or 
farther from the subject, uses different angles, and follows the 
scene intelligently. The theory has now become practice. 
After a series of experiments, Captain Cousteau and his col- 
laborators have successfully worked out a new technique of 
underwater television, carried out in cooperation with in- 
dependent divers. The camera is a British Thomson-Houston 
of a special type, enclosed in a watertight container in which 
an ingenious alarm system gives warning, by ringing a bell, 
of the entry of even a few drops of water. 13 The apparatus, 
which weighs three hundred pounds, is very easy to handle 
for a diver fitted with a Cousteau apparatus. The only fault 
one can point to is a slight degree of inertia, which will 
probably be overcome in future experiments, A loud-speaker, 
encased in the container and connected with a surface micro- 
phone, permits the observers on the boat to give all necessary 
instructions; focusing can be regulated ftom above, as well as 
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by the diver, In a very simple manner. The operator can see 
exactly what he is transmitting while maneuvering his cam- 
era, as a large porthole at the back of the container allows 
him to watch the screen of a small television receiver. In this 
way he can control the pictures and supervise his centering 
constantly, thus ensuring the satisfactory progress of the task 
with which he has been entrusted. The camera is connected 
by a coaxial cable 150 feet long to two high-definition re- 
ceivers of 819 lines installed on the laboratory ship, the 
Calypso. 14 ' 

In clear and very well-illuminated waters, the first experi- 
ment proceeded without a hitch. The members of the Federa- 
tion des Activites Sous-marines were in this way able to 
admire at leisure, from all aspects, the wreck of the Dalton, 
not far from the islet of Grand Planier. On April 24, 1953, 
the team of the Calypso carried out nocturnal television for 
the first time, illumination being provided by two six- 
kilowatt lamps fitted to the camera. The pictures, free from 
the foglike effect caused by diffused sunlight, were of better 
quality than if they had been taken during full daylight. 
Then it was the turn of the famous galley of the islet of 
Grand-Conglou, on which the specialists and the divers of 
the Calypso had busied themselves for long months, to appear 
on the screens. The archaeologists Fernand Benoit and Ferdi- 
nand Lallemand were at last able to receive the same impres- 
sions as the independent divers who, unversed in the ancient 
sciences, had often been incapable of describing faithfully 
what they had seen. The divers themselves could "under- 
stand* ' the site better than they could when performing their 
evolutions at a depth of 130 feet. The intellectual process of 
building up an over-all picture, a general synthesis, is easier 
on the surface, when one is sitting in a comfortable armchair, 
free from any anxiety, than while diving, with the brain 
weighed down by five atmospheres. 



i* It has not been possible to put the watertight container under pressure: 
the electronic tubes would not stand it. 
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It Is frequently necessary to use the cameras in the turbid, 
opaque waters of ports, estuaries, and rivers. Underwater 
work is not as a rule carried out In the sleepy lagoons of the 
South Seas, but at the foot of sand-choked dikes, near the 
hulls of damaged ships, in waters where suspensions, fuel oil, 
and organic putrefaction render visibility nil. In a number 
of cases of this kind, in which various bodies concerned with 
port work were particularly interested, Captain Cousteau has 
carried out successful experiments. Thus it was that in the 
fairway of Port-de-Bouc, under the supervision of the engi- 
neers of Lighthouses and Beacons, in water as dirty as you 
could find anywhere, the camera was able to transmit pictures 
of the work of the pneumatic hammers on the stone, and 
to allow the estimation of the dimensions of the blocks 
displaced by the rock breakers. The porthole placed before 
the lens (Dratz' system) permitted the necessary optical rap- 
prochement by enlarging the field. Finally, in the oil port of 
Lavera, where the water was so opaque that the camera oper- 
ator could not even see his hands, the televiewers on board 
the Calypso were nevertheless able to see the concrete pylons 
and the shellfish attached to them, together with the detail of 
their foundations. This was made possible thanks to the in- 
genious system devised by Captain Cousteau: a watertight 
metal cone three feet long, terminated by a large sheet of 
plexiglass, is filled with fresh clear water, and its apex is 
adjusted to the orifice of the camera. If one can approach to 
within three feet of the subject to be televised, there will 
only be a very thin layer of dirty water between It and the 
optical system of the camera, and this layer scarcely interferes 
with the clarity of the pictures obtained. 

These results, of course, must be confirmed by further ex- 
perience. It is no exaggeration to say that, under such condi- 
tions, underwater television will become one of the most 
valuable tools of port industrial equipment and of oceano- 
graphical ships. The sphere of action of the apparatus will 
probably be considerably widened. Though existing cameras 
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cannot be submerged to a depth exceeding some four hun- 
dred feet, the Office Frangais de Recherches Sous-marines, 
under whose auspices they have been designed and perfected, 
is considering new prototypes, which it will be possible to 
lower to three thousand or even sixteen thousand feet, thus 
permitting the realization of the old dream of Jules Verne, 
and the bringing up, from the abyssal world, of strange pic- 
tures of its extraordinary inhabitants experiences that this 
time will present no danger and that were lived through, 
for a short time and at enormous risk, by the William Beebes 
and the Otis Bartons. 

Without indulging in too ambitious speculation, we can 
safely say that, in the very near future, the possibilities of 
underwater television will facilitate underwater work in a 
large measure. The divers' reports, so often hardly intelli- 
gible to the officials who direct the operations from the sur- 
face without having seen the wreck, are no longer necessary. 
In time of war, the locating of mine fields before the ship 
enters them is singularly useful. Employed for more pacific 
ends, the camera can be lowered into the middle of shoals of 
fishes previously located with supersonics, and can determine 
their species, a procedure which will be of great importance 
for deciding the choice of nets and methods of fishing. In the 
case of ruptures or defects of submarine cables, the search 
for the damaged spot, which is often inaccessible to helmeted 
divers, becomes easier for the electronic eye, without, how- 
ever, obviating all the difficulties (irregularities of the sea 
floor, shocks, etc.). For these various reasons, divers, fearing 
to see their role become less and less important, gave tele- 
vision a lukewarm welcome; they now realize, however, that 
these auxiliary eyes that can be plunged into the sea do not 
really compete with them, but assist them. That, at least, is 
the opinion of one of them, Stanley Mearns, who is particu- 
larly experienced, as the number of his dives totals 2650. 

Biologists, for their part, are convinced of the scientific 
value of this new kind of apparatus. Through poorly trans- 
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parent waters, they have been able to see on the screen fishes 
situated at a distance of sixteen feet from the lens, of which 
the zoological characteristics were sufficiently clear for the 
species to be identified. In clearer waters, they were able to 
distinguish the antennae of crabs televised at six feet. Lastly, 
by placing an enlarging lens in front of a screen, they have 
been able to study minute details, and the observation of the 
small planktonic organisms, copepods, and larvae of various 
kinds has been possible by using photographical fixation. 
It is only fair to point out that, below a certain degree of 
luminosity (between 1850 and 1000 lux) it becomes necessary 
to use artificial lighting. For all the above reasons, the ships 
of the Anglo-Saxon biological stations are beginning to be 
equipped with television. The Scottish Association for Ma- 
rine Biology has recently endowed its research ship, the 
Calamus, with such apparatus. Its scientific personnel, oper- 
ating at the site of the spawning and reproduction of certain 
species, hope to elucidate a number of questions of marine 
biology that are still poorly understood, such as the mysteri- 
ous nocturnal ascent of the planktonic masses and the speed 
of growth of oceanic larval forms. 



CHAPTER 



Diving and the Biology of the Sea 



A. History 

FROM THE VERY FIRST DAY that my astonished eyes beheld the 
spectacle o the life of the oceans, when I saw the subjects 
of those zoological plates studied at the Faculty become ani- 
mated, clad this time in all their vivid colors, endowed with 
personality, I could not help thinking that there was a sort 
of fraud involved in retaining those admirable revelations for 
myself alone. It was for this reason that I wrote my first book, 
out of honesty: I was paying back an involuntary debt con- 
tracted with Nature. I had been chosen by Fate for reasons 
that escaped me, but this choice imposed obligations on me: 
to give expression to the impressions experienced, to pass 
on the message I had intercepted. The latter, in fact, was 
not completely clear, and I was unskillful in my deciphering. 
This I did with difficulty and with the help of unsuitable or 
out-of-date codes. Were the men of science going to hold 
me up to ridicule? Indeed, no. On the contrary, Professor 
Ren6 Legendre expressed his regret at the disappearance of 
that race of amateur zoologists of the nineteenth century "as 
learned as the professionals/ 1 while Professor Bertin declared 
without hesitation that " teams of daring divers, in liaison 

319 
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with a scientific laboratory, would give the best results/' How 
I agreed with them! I had always wanted to establish a 
friendly and trustful contact with the specialists who re- 
mained on the shore; I thought that our underwater activity 
as hunters, divers, or explorers had a natural corollary: that 
of submitting our fragmentary indications, of offering our 
isolated bits of information, to whomever could achieve their 
synthesis. 

And why should those specialists remain indefinitely in 
their ivory towers I mean on the shore? Did they not have 
every opportunity of following us, all the physiological quali- 
ties necessary to imitating us? Their age? But we ourselves 
were no longer so very young. Their inexperience? But, in 
every field, one finds the usual hesitations of the novitiate. 
Moreover it was rather unlikely that, through some adminis- 
trative fatality, the chair holders in office were all gouty, 
obese, or dyspeptic. And even had they all been so French 
higher education appearing to be struck by divine maledic- 
tionthen their assistants, their pupils, the young enthusiasts 
who read Hass and admired Cousteau, would have been able 
to take up the cudgels with advantage. 

The French professoriate has no reason to be ashamed of 
its members: there were among them those who did not hesi- 
tate to dive quite deeply, hammers in their hands, collecting 
jars under their arms, breathing cylinders strapped on their 
backs. In the penetration of the depths, they were by no 
means the least venturesome, and in that respect they had 
more merit than many of their fellow divers, as they knew 
better than any, and more precisely, all the risks involved. 

s 

The colloquies between the diver just back from an ex- 
pedition and the biologist who receives him in his laboratory 
have, however, only a limited and very fragmentary, though 
undeniable, usefulness: knowledge concerning the local den- 
sities of such and such a particular species, the existence be- 
yond a given depth of this actimium or that hydroid that is a 



DIVING AND THE BIOLOGY OF THE SEA $21 

rather patchy kind of information. Was there any possibility 
of organizing groups or teams who could carry out some co- 
herent work, a program of research that could be supervised 
and controlled by an official organization or individual? I put 
the question, in a purposely exaggerated form, to some of 
our specialists, and I asked them, ' 'Supposing that you had 
to direct a hundred experienced independent amateur divers 
according to your own ideas, what tasks would you entrust to 
them?" 

Biologists are serious people. The question seemed to them 
unusual, and to tell the truth irrational. What could a chief 
expect to gain from a troop that he had to train in the 
methods of scientific observation, when he could neither fol- 
low their evolutions nor check their reports? They found it 
only too easy to demonstrate to me that amateurs, and even 
students who had already acquired a certain veneer of spe- 
cialization, could not do anything good or useful if left to 
their own devices. 

However, Ren Legendre, former director of the Maritime 
Laboratory of the College de France, former professor at the 
Oceanographical Institute, told me that he could quite well 
conceive of a series of organized teams, headed by an ex- 
perienced chief competent in the subject in question, and 
consisting of some amateurs more disposed to obey than to 
innovate. The head of the group would explain the task to 
be carried out, develop the hypotheses that had led him to 
undertake it, and the amateur zoologists would then have 
their word to say about the technique of work while diving, 
which was perfectly within their province. And, above all, 
"one should not expect to discover everything, to solve every 
problem/ 1 

The same kind of attitude was shown by the answer of 
Pierre Drach, professor at the Sorbonne, assistant director 
of the biological station of Roscoff: "There are important 
services that can be rendered by divers specializing in biol- 
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ogy, on condition that they are willing to impose on them- 
selves at least a minimum of method and precision in the 
collection of samples and in the taking of photographs/' 

J.-M. Peres, professor at the Faculty of Science in Marseille, 
director of the marine station of Endoume, is of the same 
opinion (there is consequently unanimity). He has made use 
of help drawn from all sorts of different sources: from the 
Groupement de Peches, d'Etudes et de Recherches Sous- 
marines of Marseille, from the French Scouts, and the Federa- 
tion des Sports Populaires. The good will of those young and 
enthusiastic elements could not be doubted, their courage 
and their resistance had to be recognized, but their assiduous- 
ness, their observation of a precise timetable, left something 
to be desired. What, though, can one expect from a collabora- 
tion limited to Sundays alone, to a few hours in the week, 
especially in a domain where weather and atmospheric condi- 
tions play such an important role? It is perhaps with the 
French Scouts, who camp in the garden of the station itself 
and who can therefore be employed at any time, that the 
laboratory stands the best chance of doing useful work. What 
kind of work? The layman, if asked such a question, is apt to 
give some curious answers. What he sees in the collaboration 
with science is a sort of observation based on experience, but 
colored by a good deal of poetry and nearly always centered 
around fishes, probably because his knowledge of the subma- 
rine environment began with the fishes. Before the advent 
of the underwater hunter, the legend of the devouring mo- 
rays was current, but the harpoonists have definitely exploded 
it. On the other hand, a hundred adventures in the deep 
hollows of the groupers' caverns have made them familiar 
with the habits of those strange fishes (Epinephelus and Poly- 
prion) and the unique way they have of defending them- 
selves, inflated with indignation, propped up against their 
walls. Octopuses have not awed the explorers, who have real- 
ized their timid character and brought out their friendly side. 
Soon they will redress the injustice currently committed 
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against the barracudas, abusively considered as ferocious. 
Soon, also, they will help to put into some kind of ethological 
order the somewhat confused chapter concerning the habits 
of sharks and the danger they represent. Therefore as soon 
as the question of scientific observations is mentioned the 
underwater diver thinks of problems of pure animal be- 
havior. Why do the flying fishes, whether the Exocoetus or 
the Dactylopterus, fly? Is it simply in order to capture their 
food, or because they are pursued and are trying to escape 
their enemy? All that is needed is for the underwater ob- 
server to have the luck or the patience to be there in the 
water, to see the pursuit and the nature of the pursuer. A 
hundred observations in exotic seas, correctly made, would 
be sufficient to define more accurately the reasons for this 
astonishing gliding flight. There is nothing, either, that 
strikes the imagination more than the famous horned manta, 
the Mobula or devilfish, a kind of ray some specimens of 
which can exceed two tons. The underwater hunters have 
not failed to make an interesting contribution to the knowl- 
edge of the habits of the manta, having shown that it is in- 
offensiveunless, of course, in a panic, it should suddenly 
strike you with one of its heavy wings; that the great beast 
is full of benevolence toward certain fishes that literally live 
in the large cavern of its mouth, as if in a welcoming grotto; 
that it is very sought after by the pilot fishes, which are fre- 
quently found in pairs, two above and two below the animal; 
lastly that it feeds on minute and practically planktonian or- 
ganisms. Those same observers would also be very glad to 
see the end of the stories about boats being engulfed by these 
creatures purposely falling onto them after a prodigious 
flight, and to know the reason for their choice of certain 
zones where, periodically, mantas gather together by the 
hundreds. 

Was it that kind of research which it was proposed that the 
divers should do? No fearl Their rather too brisk imagina- 
tion was promptly cooled. Oceanographers are primarily 
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chemists and biologists rather than true zoologists. To the 
underwater explorer who developed his program with spar- 
kling eyes and convincing words, the man of science answered 
coldly that "all present-day science is 'micro' and requires a 
great deal of patience." It is not by "frogging about" at his 
fancy that the underwater explorer will light by chance on 
a great discovery. If one wants to serve and participate in 
scientific research, one must limit one's activity to tasks 
within one's scope, knowing that they will have to be re- 
peated many, many times (Ren Legendre). 

It is probable that in this way much good will is rebuffed 
and a lot of enthusiasm quenched. The expert, however, 
has no time for sentimentality. If he recognizes the enthusi- 
asm and bows before sacrifices, he demands from his assist- 
ants scientific qualities above all. In a team of biological 
divers, what results would he obtain from some underwater 
explorer, an ex-commando, who seeks only to find an enemy 
to charge; from some sea lover who wishes to spend his time 
dreaming away beneath the waves; from that photographer 
of the oceans for whom everything is centering, aperture, 
back-lighting; from that archaeologist who is more interested 
in the amphora than in the madrepore that covers it; from 
that record breaker who disappears into unfathomable 
depths? Because they alone will be able to serve him, the 
specialist will retain only the level-headed ones, the meticu- 
lous, the rational, the disciplined, the inquisitive. If he suc- 
ceedsand he will succeedin making them understand that 
science is not an adventure but a long discipline, that the 
episodes that make up its pursuit are not always exciting or 
colorful, but that they are a source of solid joys and satis- 
faction, then he will be able to make them accept his pro- 
gram of work. 

He will restrict his divers' activities to the narrow coastal 
band which, though but a tiny fringe bordering the immense 
sea, forms nevertheless a most varied and changing world. 
This is their allotted territory, and they will have to study 
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Its micro-oceanography, microclimates, microfacies, micro- 
settlements. The expert will point out, when they turn their 
glances toward the high seas and their mysteries, that this 
zone, the most accessible and the easiest to explore, still hides 
a thousand secrets. Biologists have, of course, compiled com- 
plete catalogues of the animals that are found in it, but there 
is not in fact a single species the life history of which we know 
in detail. Physicists have studied the characteristics of that 
strip of coast at length, but there is not a single one of its 
elements the physical variations of which have been faithfully 
followed. The divers' curiosity and interest becoming whet- 
ted, the specialist will show how everything there is incon- 
stant, in movement, in a perpetual state of "becoming." Do 
they want an example? He proves to them that in order to 
get a clear idea of things, it is necessary to start from the 
beginning: first of all, to study the different layers of air 
that are in contact, in a much more detailed way than the 
meteorologists have done; the temperature of the air imme- 
diately above the surface of the water, and up as far as the 
top of the beach or the cliff; local winds blowing across the 
water, point by point, yard by yard microwinds, quite dif- 
ferent from the general regional movements; local effects 
of obstacles, evaporation and dampness resulting from them. 
If he has sufficiently pricked their curiosity, he will next 
awaken their amour-propre and their taste for invention by 
remarking during his discourse that in many cases the instru- 
ments and the techniques have to be created. Once this semi- 
terrestrial example has been assimilated, he can then suggest 
an entirely submarine program: the study of the variations 
of temperature in the layers in which the diver swims, going 
progressively from the surface to the maximum depth that 
can be reached (temperature as read on the thermometer or 
registered by the bathythermograph); the study of the varia- 
tions o density by taking water samples spaced out vertically; 
the study of the variations of transparency observed with 
SecchTs disk, or better, measured with the hydrophotometer 
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or the exposure meter, and calibrated on photographic plates, 
at those various depths; the study o the speed and the direc- 
tion of the different currents, using simple instruments. 

Of course it is the extremes, the limiting zones, that are the 
most interesting. Those measurements will have to be re- 
peated, chiefly at the planes of separation air-water and water- 
sea floor, where are formed the eddies, swirls, perturbations 
of all sorts, and also at the areas of contact of different waters 
that interpenetrate; estuaries, gulfs, seepings, underwater 
springs. Finally, the sea bed will also present fresh matters 
of interest to study: permeability, mechanical resistance, 
granulometry. Bacteria live there; they have scarcely been 
identified and classified as yet, though their importance is be- 
coming more and more recognized since, in the end, it is 
they that are responsible for the assimilation and the break- 
ing down of the immense organic debris of the sea. On that 
floor also grow algae, long accepted as being benthic organ- 
isms, but collected in such a primitive fashion (tearing up by 
the trawl nets, grabbing by the jaws of the dredgers) that 
their classification, muddled by exceptions, complicated by 
anomalies, and strewn with errors, requires complete revision. 
From the surface to the bottom, in this littoral mass, fishes 
and hundreds of living species of inferior phyla pass through, 
live, and die. With respect to many of them one would like 
to know more about their spawning season, their larval and 
juvenile stages, their growth, their food, their habits, their 
seasonal migrations if any, and so on. For all such general 
researches or for those particular points, observers are lack- 
ing: here then is an immense program of studies, nearly all 
virgin territory, that requires numerous collaborators. "Do 
not such studies appear too austere, too unimportant to many 
amateurs?" Professor Legendre wonders with concern. I do 
not think so. When a convincing leader shall appear, one who 
has all the passion belonging to his profession of teacher and 
the faith that inspires conversions, many divers and explorers 
will forget their dreams of exotic seas, of horned manta flying 



DIVING AND THE BIOLOGY OF THE SEA * 327 

over the waters, and of barracudas with gaping jaws, in order 
to ask at Roscoff, Banyuls, Endoume, Villefranche, Monaco, 
that they should be entrusted, breathing apparatus on their 
back and bathymeter on their wrist, with some task devoid 
of exoticism, and of an unspectacular nature, but the useful- 
ness and the humble greatness of which they will have under- 
stood. 

I have said that the professorial body has no reason to be 
ashamed of its members. Have I let myself be carried away by 
academic awe and by the respect I bear for the university? 
Because after giving the matter more thought, I have realized 
that while our seventeen faculties include a respectable num- 
ber of professors, those who have descended into the heart 
of the seas can easily be counted on the fingers, and even 
horresco referenson those of a single hand! 

What a magnificent opportunity they had, though, to add 
for posterity a flattering halo of intrepidity and modernism 
to their scientific reputations! Indeed their names would have 
been all the more remembered by Fame in that their illus- 
trious predecessors were so few. One had to wait for seventy- 
five years after the courageous attempts of Milne-Edwards in 
1845, on t ^ Le coasts of Sicily, before one could find learned 
men prepared to disappear under the waters for the greater 
glory of science. From 1920 to 1924, A. G. Mayor studied 
the coral reefs of the Pacific. In 1925, J. Pettersen and P. C. 
Kramp explored the Danish coasts. In 1930, T. Gilsen de- 
scribed, thanks to the diving suit, the "epibioses" of the 
Gullmar Fiord. Lastly, Kitching Macan and Gilsen dived 
at Plymouth in 1934, and M. Zalokkar studied the Dalmatian 
coast in 1942. All those dives, apart from that of Gilsen, were 
in fact very shallow ones, about sixteen feet, but it would be 
unjust to laugh at or to minimize those attempts, as the re- 
searches were carried out with the diving helmet and the 
classical heavy diving suit, with all the servitude attached to 
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the necessity so trying when performing a rapid succession 
of meticulous operations of retaining the vertical position. 

With the independent diving suit, the work becomes 
lighter and the conditions more normal. We have little de- 
tailed knowledge of the foreign attempts: at most we have 
been informed of the series of dives practiced in 1947 and 
1948 in the south of Italy, in the Tyrrhenian Sea, with 
independent diving suits other than the Cousteau, by an 
Austrian team of seven zoologists under the direction of 
Dr. Rupert Riedl, the aim of which was to acquire more 
precise information about the ecology of the rocky littoral; 
the results of their work are, however, still in the press, and 
have not yet reached us. 

In France, we note the names of Professors Pierre Drach 
and J.-M. Peres; of Brouardel, assistant at the Oceanographi- 
cal Institute; more recently, those of Guilcher, professor of 
geography in Nancy, as geographer; of Tazieff as geologist; 
of Nesterogg, a research worker at the Centre National de la 
Recherche Scientifique. 

A certain number of young oceanographers, who for the 
last few years have been working at the Office de Recherches 
Scientifiques d'Outre-mer, have at last been trained in the 
use of the independent diving suit during a course of in- 
struction at the Undersea Research Group of Toulon. All 
this may seem quite a lot if we compare it with what has 
been done by foreign countries (though I know in Italy at 
least five university dons who explore the seas) but it is very 
little in my opinion, when we remember that France has 
constantly led the way in the field of diving and underwater 
exploration, and when we think of her eighteen hundred 
miles of continental coasts as well as of the immense coast 
lines of the French Union. 

B. Dives of Professor Drach 

Among the most daring users of the diving suit, we must 
mention Pierre Drach, the most eclectic, the greatest traveler 
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of them all. Between 1947 and 1952, he submerged himself 
in the waters of the Channel in the bay of Morlaix; in the 
Mediterranean off the isles of Port-Cros and Riou; in the 
China Sea, off Nha-Trang; in the South Atlantic off Rio de 
Janeiro; and in the Red Sea off the Abular islands. Confi- 
dent in his well-tried technique, after undergoing a course 
of instruction with the Undersea Research Group, he de- 
scended to very considerable depths, taking the sample basket 
with him down to 230 feet! 

He has sufficiently expressed his views on the advantages 
of the diving suit in bringing new possibilities to biological 
oceanography, 1 particularly in the field of the marine fauna. 
Even if we limit ourselves to the neritic benthos in that por- 
tion of the continental shelf that is not uncovered by the 
low tides and that can be called the deep littoral zone, we 
have already seen and quite sufficiently stressed the blind, 
irrational, erroneous nature of the old means of prospection: 
the trawl, the dredger, the equipment of the coral fishing 
boats, the grabs, and the core samplers. In any case, the quali- 
tative knowledge of the loose floors is bound to be particu- 
larly aberrant; the deeper species of the endofauna (Balano- 
glossus, Diopatrum, Mya) and the most mobile of those 
that swim or walk on the floor (swimming crabs, hermit 
crabs, and flatfish) will avoid capture. What can we say then 
of the accuracy of the quantitative knowledge? A single ex- 
ample will be enough to show its inadequacy: "During the 
summer of 1950 octopuses swarmed on the littoral of the 
Channel. In the bay of Morlaix, certain sandy bottoms strewn 
with shingle showed an individual every 13 feet, which cor- 
responds to a density of one per 169 square feet (observations 

i Pierre Prach: "Ltmites d'expansion des peuplements benthiques sessiles en 
zone littorale profonde" (Acade'mie des Sciences, November 20, 1948); "Pre~ 
mitres recherches en scaphandre autonome sur le peuplement du facias 
rocheuK de la zone littorale profonde" (Acade'mie des Sciences, November 29, 
1948)? "Premieres recherches en scaphandre autonome sur les formations des 
laminaires en zone littorale profonde" (SociM biogdographique, January 20, 
1949); "Lacunes dans la connaissance des peuplements des mers et utilisation 
du scaphandre autonome" (Revue scientifique, January-February, 1952). 
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made in dives). Even supposing that the octopuses allowed 
themselves to be captured by a Petersson dredge, the prob- 
ability of gathering any in a catch is only of the order of i in 
160, that is to say 160 attempts might have been necessary 
to capture a single octopus, though during the year 1950 that 
species was one of the most characteristic of the sandy and 
shingly bottoms of the Breton coast" (Pierre Drach). It is 
quite evident that five minutes of dive, for an explorer with 
good sight, would have been sufficient to establish the degree 
of their density. 

Lastly, the greater portion of the rocky bottoms is abso- 
lutely impracticable to all the indirect means of research, 
though that environment is richest in sessile forms. Conse- 
quently the penetration of man into the water masses, ren- 
dered easier by the diving suit, will permit many and un- 
expected biological discoveries. The list of the new species 
that will be discovered, whether in the microfauna of the 
loose sediments (Metazoa, Protozoa, Infusoria), in the necton, 
in the surface plankton (bacteria and coccolithophorids), or 
in that of the depths, will rapidly grow longer. 

There will also appear living species that were definitely 
considered to have been extinct for thousands of years and 
were classified in the catalogue of the fossils, from the Silu- 
rian to the Tertiary. We can be sure that such an astonishing 
discovery as that of a "living fossil,'* the coelacanth Latimeria 
chalumnae (1939 and 1953), commented on at length by the 
press, will occur again, and it is perhaps even more inter- 
esting for the biologist to meet this or that representative of a 
very well-known group, in a position, in depths, and under 
conditions that are such that its aberrant ethology obliges 
him to reconsider that of the whole group. 

Without wishing to draw too ambitious a picture of the 
remarkable possibilities afforded by prospection in the in- 
dependent diving suit, and when confining oneself volun- 
tarily to limited researches, such as, for example, life on the 
rocky bottoms, what results can we obtain? 
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First, the practical conditions of the prospection are easy 2 : 
the specimens are placed in a net bag or in a jar, and this 
kind of work is best carried out by two divers. Samples of 
great size can be attached to a rope or stacked in a basket 
lowered from the accompanying boat. In practice, the quan- 
titative gathering will be done in this way: a metal frame 
eighteen inches square, for example, is applied to the rock, 
and a second diver extracts with a putty knife everything 
that is inside the square. For larger surfaces, a graduated 
and ballasted rope can be used (P. Drach, 1950), which the 
divers endeavor to apply as closely as possible to the rock, 
or to the side of a bluff, for example. The procedure is only 
valid for the densimetric evaluations of fairly large species, 
the number of elements of which are then counted on a strip 
three feet wide. Such mensurations, repeated over and over 
again, compared, and reduced to an average, enable the spe- 
cialist to draw conclusions that must be verified by later 
experiments. 

The reader may think that such observations, because of 
their eminently specialized scientific nature, belong exclu- 
sively in the courses delivered to students or in technical 
books, and that they are out of place here. The reader is 
wrong. It is not a matter of indifference to industry, and in 
the long run to the comfort of that same reader, that Lami- 
nar ia ochroleuca, originally regarded as a rare seaweed, has 
in fact been found in abundance, sometimes with densities 
of up to 50 per cent, by the scientific independent divers. It 
is more interesting than he thinks to note that the high 
density of the Laminaria, ranging as it does from one to four 
per square foot, brings about a marked diminution of the 
turbulence of the water between the rock and the ceiling of 
the fronds. Thanks to the first observation, it will perhaps 
be possible to find the means of fertilizing certain stretches 



2 All these details are borrowed from an article by Pierre Drach: "Lacunes 
dans la connaissance du peuplement des mersS* which appeared in January- 
February, 1952, in the Revue scientifique. 
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of coast, which might then become comparable to that of 
the region of Saint-Pol-de-Leon where the sea wrack flour- 
ishes in such abundance that it is known as the "golden 
belt." Thanks to the second observation, one may find a way 
of attenuating the risks of certain eddies and the strength of 
certain whirlpools in those channels that are dangerous for 
coastal navigation. And finally the fact that a single stem of 
Laminaria cloustoni may carry up to 380 colonies of an 
ascidian, Aplidium pallidum, opens up horizons on the real 
character of the algae, which in truth constitute the soil, the 
compost, the humus of the sea, much more than does its real 
floor, the sediments and the rocks. Lastly, the Porifera, the 
Hydrozoa, the Anthozoa, the Bryozoa, and the Ascidia, all 
those organisms that form the minute world of the life of 
the sea (compare them if you like to the insects of the earth) 
may see their universe multiplied more than tenfold by our 
Laminaria, among others. A single square yard of the latter 
(flexicaulis, cloustoni, or saccharina), represents a total sur- 
face area, in stems, fronds, and thalli, of twelve to sixteen 
square yards, that is to say they bring the square yard of sur- 
face of rock on which they implant themselves to twelve or six- 
teen times its initial size. Thus they do, in the horizontal 
dimension, what man has done in the vertical one with his 
skyscrapers: they multiply the possibilities and the space 
available to life. 

At this point, if the remainder is to be read with profit, 
it may perhaps be useful to give a few definitions. The jargon 
of the biologists has its secrets and its pretentious affectations 
as much as that of the doctors and the physicists. Let us conse- 
quently remind the reader that ecology is the science of the 
conditions of existence of living beings; that ethology is that 
of the habits of animals; that the bio tope is the area over 
which the general living conditions of the environment re- 
main constant; that the fades is the characteristic aspect of a 
given soil; that the biocenosis is the entirety of the beings 
living in contact with one another, characteristic of a con- 
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sldered biotope and in relation to it, for example: calcareous 
algae cementing the gravel of the sea bed in the cracks of 
which are found annelids and crustaceans. The reader can 
thus see the difference between a biocenosis and a "group," 
which simply involves propinquity, without deep interreac- 
tional causes. Lastly, an epibiosis is the entirety of the animal 
or vegetable lives existing on a given surface. 

With the help of those definitions, let us decipher, if we 
can, the conclusions of the diver-biologists. Drach has been 
able to instill some order into the laws governing the epibi- 
oses of the rocky floors. He first confirms the general law of 
the total coverage (100 per cent) of the "first degree epibi- 
oses," of which Gilsen already had had an inkling in 1930. 
In clear language, that means that on each rock there is not 
an inch unoccupied, the sessile benthos having hastened to 
hook a clinging root, a sucker, a foot, a tube, a rhizome, 
onto every single square millimeter of mineral. Pink or white 
gorgonians (Eunicella verrucosd), algae with foliaceous thalli 
(Halopteris filicina), Rhodophycea (Calliymenia reniformis 
or Phycodris rubens), Bryozoa (Membranipora pilosd), 
Hydrozoa (Obelia geniculata), tube-dwelling Syllidians 
(Auiolytus edwardsi), Porifera (Cliona celata), Anthozoa 
(Alcyonium glomeratum) , . . the rock disappears under the 
expanded or retracted forms of the sessile benthos, and, for 
that reason, marine erosion cannot reach it. The reader will 
realize to what a point the housing problem has come, and 
how much more serious it is than in even our great cities. 
The various organisms touch one another, become aggluti- 
nated, smother one another. Soon, it is too much; the newest 
arrivals, deprived of a right to life that they consider im- 
prescriptible, and which they find refused to them on this 
bit of living space (elsewhere and everywhere is only the 
inhospitable mass of the waters) adopt the solution of the 
desperate: they implant themselves directly onto the earlier 
arrivals. Frustrated of a bit of rock, they fix their roots and 
tendrils onto the thallus of a laminarian or the lacework of 
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a gorgonlan, In this way forming a "second-degree epibiosis." 
Behind them, however, arrive in closely packed ranks the 
flood of the latecomers and the newcomers; it is now the 
turn of the abusive arrivals of yesterday to be colonized too, 
and to act it serves them right! as vital support: a "third- 
degree epibiosis" has thus been formed. 

The choice of host, which is not by any means made 
blindly, varies according to the depth and the age of the 
support, and by ringing with colored celluloid (just as breed- 
ers do in order to recognize their broods) one should, in time, 
be able to follow the evolution of such associations. Thus, 
forming a paradoxical genealogical tree, whose dichotomies 
no longer sing the glory and the perenniality of a single 
family but of hundreds of species, these strange forms of life 
cover the rocks of the sea bottom. What a surprise! In the 
immense spaces of the oceans, which one would have believed 
to be practically limitless, there is an acute housing short- 
age! The sea thus shows us, in anticipation, the almost inevi- 
table future state of our inhabited worldone day there will 
be a limit to the number of settlements, as is already the case 
in our cities, not through lack of food, but through lack of 
space. 

C. Dives of Professor Perds 

J.-M. P&r&s, less of a traveler than P. Drach, has limited his 
experiments to the region of Marseille and to Corsica, though 
some of his assistants have extended their explorations to the 
coasts of Algeria and Sicily, However, the domain of election 
for the researches of what could be called the J.-M. P&rfcs 
team remains the Mediterranean. The marine station of 
Endoume possesses two Cousteau autonomous diving suits 
and a pump apparatus of the American army (Narguilah) 
type, but many dives have been carried out without any 
special air supply, the mask and the tube generally being 
sufficient for biological explorers. In the laboratory of the 
station of Endoume with its wide bay windows, the work 
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accomplished and the projects outlined were kindly ex- 
plained to me. I had left Paris that very morning. The 
plane had taken a long time to get clear of a rainy gray sky, 
which its wings churned into an icy fog. Though it was 
March in Paris, it had seemed like February still, but, once 
I had found the blue sky of the holidays, I abandoned my 
heavy winter clothes to the coat rack. The trolley-bus, leav- 
ing the Old Port on its right, had dropped me somewhere on 
the Corniche, on which the sun beat down dazzlingly. I had 
had little difficulty in finding the Rue de la Batterie-des- 
Lions, and now, gazing out over the sea, I was listening to 
Professor Prs. 

"Yes, it is interesting to dive deeply, of course, but we are 
still so ignorant of what happens between zero and thirty 
feet! We should begin by making a meticulous study of this 
superficial coastal zone; there alone there is plenty of work 
ahead of us for a long time to come. 

"With my collaborator Picard, of the Faculty of Science of 
Marseille, I have investigated the biology of the calcareous 
'corniches' 3 and I have distinguished the tenarid paths, the 
vermetid sites, and the serpulid and melobesid balconies. 
Those observations were made in simple free dive, which is 
sufficient for the depths in question, and helps one to avoid 
the errors made elsewhere, where one had had to be content 
with examinations carried out on the surface or after raking. 
Our deeper dives have shown us the persistence, at 150 feet 
and more, of luxuriant crops of Posidonia oceanica (the most 
common of the Zosteracea) to which had previously been as- 
signed a maximum depth of 115 feet. 4 I have, in fact, the 
feeling that they can be found even lower, since it is only a 
question of sufficient light. It is partly thanks to the diving 



8J.-M. P6r&$ and J. Picard: *'Les Corniches calcaires d'origine biologique 
en Me'diterrane'e occidentals" (Recueil des Travaux de la station marine 
d'Endoume, 1952). 

4 J.M. P&-&S and J. Picard: "Notes sur les fonds corraligenes de la region 
de Marseille" 1 (Archives de wologie expMmentale et generate, January 30, 
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suit that we have been able to draw up a new chart of the 
bottoms of the Gulf of Marseille (the last one, that of Marion, 
dates from i88g). 5 We have studied with special interest the 
sessile benthos covering the rocks of completely submerged 
submarine grottoes, which are particularly numerous in the 
calcareous coasts of the Gulf of Marseille. 6 That represents 
a vast program of research, which as far as we are concerned 
is only beginning. Probably because the diminution of the 
total lighting brings about physical conditions comparable 
to those that reign at depths whose luminosity is equally 
poor, we have found there a great number of species hitherto 
believed to dwell only at considerably greater depths; to men- 
tion only a few of them: Hippospongia equina (Porifera), 
Palythoa (Zoantharia), which generally live at a depth of at 
least eighty feet, Myriozoum and Retepora (Bryozoa), and 
the pelecypod Avicula tarentina, which usually only prospers 
in the deep muds. This 'ascent' of species that are generally 
more deeply immersed is not peculiar to the grottoes of 
Petit-Maunas, Niolon, and elsewhere, but is a general phe- 
nomenon. It will simplify the study of those organisms, up 
till now difficult of access. You have no idea, on the other 
hand, of the number of unknown animals and vegetables that 
our prospectors bring back and will continue to bring back. 
There is an immense and profitable job of identification to 
be done." 

I had no difficulty in imagining it, but incorrigibly, when- 
ever I am pinned down to the subject of the determina- 
tion of species and their ecology, I steer the conversation 
toward more general questions; I try to broach the larger 
issues of life. Quoting Le Danois who complained, before 
the advent of the independent diving suit, of the blind pro- 
cedures of underwater prospection I began to speak of bio- 

5 J.-M. P<r&s and J. Picard: "Repartition sommaire des biotopes marins du 
golfe de Marseille" (Ocdanographie me'diterrandenne, Vie et Milieu , 1942), 

J.-M. Prs and J. Picard: "Notes sommaires sur le peuplement des grottes 
sous-marines de la region de Marseille (SociM de biogeographie* 1949, No, 
227). 
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geography: 7 "In the marine field, biogeography is still in 
the stage of its first incoherent utterances. First of all, because 
one cannot see anything. It is easy to explore a terrestrial re- 
gion when all you need to do is open your eyes, to examine 
attentively all that surrounds you, to observe the living beings 
that present themselves to you under their normal conditions 
of existence and to note the relationships of proximity or of 
dependence which there may be between them . . ." The 
diving suit has changed those conditions; it has restored to 
man his sight and his freedom in the bosom of the waters. 
That is ideal. In the history of that biological community, 
however, who can explain why all those creatures live to- 
gether? What leads them to constitute those characteristic 
scenes, that particular kind of biological climate that you 
call, I think, the "bionomical fades" the fundamental char- 
acteristic of which, as Petersen writes, is "most of all consti- 
tuted by one or two typical and perennial forms of animals'? 

Professor P<r&s interrupted: "We are biologists and we 
must be only that* Of course metaphysics and the wider prob- 
lems cannot be foreign to our meditations. The study of the 
various forms of life leads one inevitably to reflect on the 
unity of life itself, on its origin, and on its destiny. We must, 
however, remain on the plane of facts and not on that of 
hypothesis. We have still no scientifically motivated answer 
to your questions, and so we shall not attempt to answer 
them. For us, a bionomical facies indicates the possibility 
of establishing a constant relationship between the elements 
of the environmentthose of a physico-chemical, geological, 
and geographical order and the living species that inhabit it: 
we keep to that/' 

I then asked if the photographic reproduction of those 
underwater scenes does not have a certain geographical value. 
We are familiar with the landscapes of the Ile~de~France, the 
Alps, and the Sahara, each of which have their own definite 



* Study o the forms of life according to the region. 
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character. Is there not a sort of album of submarine scenery 
to be compiled for each region? In a more precise fashion, 
1 have always thought that the camerapreferably a stereo- 
scopic one should have a place of honor in these scientific 
dives. It seems to me that the taking of photographs of those 
rocky walls, from close to, with as accurate focusing as pos- 
sible, would bring to the specialists who remain on dry 
ground material of great value for their researches and iden- 
tifications. Quite often, on a photograph that he has secured, 
the diver discovers a detail that had remained unnoticed: the 
long feelers of a lobster ensconced in a crack, the egg of a 
spotted dogfish attached to the algae. A documentation of 
that nature, in order to be of the maximum value, must of 
course be meticulously precise. The rocky wall must be iden- 
tified by the name of the locality, then by a reference mark 
on the marine chart, and lastly by the geographical coordi- 
nates and a brief verbal sketch (for example: "Region of 
Saint-Tropez-Cape Saint-Pierre-Balise de la Grande-Rebiou, 
120 feet N.N.E. Rocky peak shaped like a helmet; depth 
ranging from 50 to 20 feet*'). Adequate identification estab- 
lished, it is necessary to specify further the orientation of the 
rocky wall, its inclination, its situation with respect to the 
waves if need be (exposed or protected rocks). It would then 
seem that a photographic map of the sessile fauna of the 
rocky surface could be drawn up, square yard by square yard. 
The director of the research, without having seen anything 
himself, but after studying the series of photographs, would 
then have only to indicate to his collaborators the work to 
be carried out: collecting of specimens of square yard No. 3, 
peak No. 452, photograph B-io8o. I even imagined that a 
model . . . but the Professor smiled. Was it just the idea of 
this model that amused him or the naiveness with which I 
seemed to put the funds of the Faculty of Science on the 
same level as the budget of the manager of the Folies Berg&res? 
I went on hastily, "Have you a particular method of work- 
ing?" 
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"We have not actually invented anything new. Our divers, 
while under the water, write their immediate observations 
on a plate to which sheets of white celluloid are fixed by 
elastic; an ordinary pencil is used, and the writing can be 
erased with a wet sponge. For the examination of a given 
rocky surface, we have adopted the method of the phytoso- 
ciologists: for each particular species, we estimate the coeffi- 
cient of abundance, recorded by the numerals i to 5 (+ : rare 
organisms; i: fairly abundant; 2: very abundant, 1/20 to 1/4 
of the surface; 3: from 1/4 to 1/2 of the surface; 4: from 1/2 
to 3/4 of the surface; 5: more than 3/4 of the surface) and the 
degree of gregariousness, also recorded from i to 5 (i: scat- 
tered individuals; 2: small groups; 3: larger groups; 4: small 
colonies; 5: compact settlements). Each species is thus easily 
characterized by two figures. It is then possible to compile 
tables that convey the required information at once. A survey 
of algal vegetation, for instance, might give surface: 40 
square feet; depth: 18 inches; coverage: 100 per cent; 3,3 
Cystoseira; 3,3 Jania; 2,3 Cutleria; 2,2 Halopytis; 1,2 Padina; 
-f- 2 Dasycladus; -f- Cladephora. This series of formulae con- 
veys to the biologist an exact representation of an environ- 
ment he has not seen. There is one thing, however, that it is 
necessary to stress, and that is the very large proportion of 
unknown elements that appears in these explorations, these 
collectings and discoveries. At every instant we are coming up 
against our ignorance, and teamwork becomes an absolute 
necessity. The specialized knowledge of each h6lps to mini- 
mize the long labor of documentation and research. One 
cannot know everything. In Endoume, Picard is the specialist 
on the coelenterates, Mile, Michaz on the echinoderms; 
Gauthier deals with the bryozoa; I myself am interested in 
the annelids and the ascidians; J.-J. Blanc is our sedimentolo- 
gist (who has just taken up the study of the conditions of 
formation of certain hard grounds). We have also algologists, 
chemists, etc., but there could profitably be more of us, par- 
ticularly if we are to carry out a project I have been thinking 
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about for a long time, a project that seems, at first blush, to 
be a very modest and simple one. This is to take a rocky face, 
a submerged bluff of sixty, eighty, or one hundred feet, and 
to establish the type, the density, and the nature of the bio- 
logical coverage from top to bottom, foot by foot. Nobody has 
carried out such a surveydo you realize the work involved?" 

Did I realize it! Professor Peres, with all due respect, would 
like to achieve what popular literature does for us when it 
takes a skyscraper of forty floors and first extracts, then de- 
scribes its human fauna, still warm with life, floor by floor. 
Under the roof, twenty-eight chambermaids, six chauffeurs, 
and three errand boys, one of whom is one-eyed, and the 
other two albinos; on the thirty-ninth story, a family of five, 
of Dutch origin, with twins; a couple of Polish dancers; a re- 
tired couple over seventy, with two cats and a dog; on the 
thirty-eighth story . . . and so on down to the bottom. Yes, 
what a job! 

"Can you give me some general information about your 
researches? Can you draw any conclusions from them?*' 

The answer comes, clear and promising . . . but so cau- 
tious: "It is too early to speak o conclusions. We shall see 
about that in five years. That is the length of time that I fore- 
see will be needed for the completion of the work of the team 
I have assembled here." 

Did I not tell you that biologists were serious people 1 If 
they do not surround themselves with noisy and vulgar pub- 
licity; if they have the honesty, the patience, and the wisdom 
to assert only after sufficient proof is forthcoming, to publish 
nothing hastily and prematurely; if, finally, they have the 
true mentality of the scientist intellectual probity and cau- 
tionwill you reproach them for it? 

Conclusions 

WE have now come to the end of this study of recent addi- 
tions to human knowledge in the submarine field. The reader 
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and myself do not reach this point with the same feelings. 
The reader's are made up largely of satisfied relief; mine of 
deep dissatisfaction. With my inadequate knowledge, my 
faults of style? Of course that goes without saying; but also, 
and chiefly, because I still had a hundred things to say, to ex- 
plain, that were dear to my heart, and that will remain in my 
desk drawers: on the widespread use of scientific electrical 
fishing as practiced in Russia; on the mysteries of the deep 
scattering layer that are just beginning to be explained; on 
the fish reserves that are maintained, like those of the ancient 
Romans and that of Professor Coste in Concarneau; on the 
submarine oil fields; on the rational culture and the utiliza- 
tion of the algae so dear to my friend Chenev<e; on the 
strange life of the corals; on the submarine springs and vol- 
canoes. 

It is time for me to stop, however. I am going to lay down 
my pen with the feeling of having expounded very badly a 
subject of which my head is full. In short, if we except those 
investigations of the abysses by the Beebes and the Bartons- 
investigations which, I am sure, will become fairly common 
in a few years time it remains true that it is thanks to mod- 
ern inventions that man has gained direct access to a large 
part of the continental shelf. This undersea platform that 
supports our lands and our countries acquires greater impor- 
tance every day, as one explores it and gains a wider knowl- 
edge of the extent of its riches. So much is this the case that 
the United States, on September 25, 1945, under the signa- 
ture of President Harry Truman, did not hesitate purely and 
simply to annex this underwater territory. "Having concern 
for the urgency of conserving and prudently utilizing its nat- 
ural resources/' the declaration specifies, "the Government of 
the United States regards the natural resources of the subsoil 
and sea bed of the continental shelf beneath the high seas but 
contiguous to the coasts of the United States as appertaining 
to the United States, subject to its jurisdiction and control." 
It was as simple as that. And all the more interestingas you 
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have doubtless guessed since it was here not a question of 
puerile chauvinism but of oil. Off California, Louisiana, and 
Texas alone, 65,000 barrels are hauled up from beneath the 
water every day, and it is generally estimated that those fields 
represent fifteen billion barrels. Over the matter of payment 
of the administrative rights, the federal government and the 
states waged war that lasted for more than fifty years. The 
American Senate has broached the question no less than fif- 
teen times during the last sixteen years. The report of the 
debate occupies six thousand pages of shorthand. On one oc- 
casion (April 28, 1953), Mr. Wayne Morse (Oregon) held 
forth for twenty-two hours and twenty-six minutes on the 
floor of the Senate where, for three weeks, others had pre- 
ceded him in this "filibuster/* as it is called, in order to pre- 
vent voting on the law that would have established the right 
of ownership of the states (and not of the federal govern- 
ment) to the underwater oil fields off their coasts. Sixty-two 
million dollars in royalties were thus blocked. We can well 
understand that the matter was of importance and that the 
fact that the percentages were very different (12 per cent if 
the states obtain the ownership, 5 per cent if it is the federal 
government) made a great deal of difference to the financial 
benefits enjoyed by the powerful companies concerned. 
Mexico, Chile, Argentina have followed America in this an- 
nexation of the continental shelf. France, though a sovereign 
state, cannot permit herself such a dictatorial decree. This is 
because, to the north, her continental shelf constitutes the 
whole of the floor of the Channel. England and France stand 
on the same plateau. They would have to draw up a com- 
mon declaration and decide, in full agreement, about the 
sharing. It will certainly come to that, one day. 

To tell the truth, however, these questions of oil fields and 
millions of dollars leave us cold. The continental shelf is not 
adorned, in our dreams, with drills, derricks, and pipe lines. 
We see in it, we have seen in it, so many other more interest- 
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Ing things. We have discovered in it so many subjects for ex- 
citement, and there are so many matters for wonder. 

No, do not tell me that this is the excessive enthusiasm of 
the specialist, comparable to the emotion of the philatelist 
confronted by a fabulously rare stamp, or to the agitation of 
the entomologist who is presented with a Megasoma elephas 
eight inches long. Try and understand that it is a reaction. 
A reaction against the disillusioned skepticism, the moral las- 
situde, and the boredom that affect so many individuals our 
brothers whose vital spring has suddenly broken under the 
strain of life. Doctors who have lost their fervor, lawyers 
stripped of their enthusiasm, industrialists without enter- 
prise, dress designers lacking in invention, right down to the 
man in the street all of them viewing with distaste the dawn- 
ing of each new day, which a matutinal bitterness already 
saddens. The more lucid and literary will explain to you that 
this western world is dead, that initiative no longer has any 
place there, that in it one is constantly butting against apathy 
in high places, against conventional ideas; that one is frus- 
trated by an administration devoid of liberalism, and pris- 
oner at every step of the dead hand of conformity and of the 
barrier of established tradition. Everything has been said, 
everything has been done, everything is tamed and domesti- 
cated. Moreover, this is true even of the farthest outposts of 
the world: the pygmies have seen the cinema, the tracks of 
the Sahara are asphalted, and at the very foot of Annapurna 
posters advertising Coca-Cola flaunt themselves outrageously 
over the scene. 

If by chance you have some friend I am not talking of you, 
of course who is passing through that period of depression 
that every adult knows some day (generally during the forties, 
when the trivial emptiness of daily life appears, and when the 
eternal problems of destiny pose themselves: Who am I? 
Where am I going and why?) summon up all your eloquence, 
put a sufficiently convincing ring of enthusiasm into your 
voice. Drag your friend, underwater goggles in front of your 



344 * THE WORLD BENEATH THE WAVES 

eyes, to the wonderland of the sea floor. Lead him by the 
hand, as you slip from rock to rock, to the discovery of a 
strange and new universe at each flick of the flippers. Harness 
him with the diving suit, so that he may suddenly feel freed 
from all servitude, light and renewed in body and spirit. 
Make him dive over that thousand-year-old ship, that wreck, 
its planks half-devoured by the madrepores, its noble lines 
crushed under the age-old accumulation of sediments, and 
let him perceive the continuity of a past to which he still re- 
mains linked. 

When you come out of the water, respect his silence. He 
was tired of the daily routine: his eyes have just been opened 
on splendid new horizons. His spirit yearned with the nos- 
talgia for freedom: now he has experienced it to the full. He 
lamented to see nature everywhere enslaved: that world you 
have shown him remains pure and free from any contamina- 
tion, and its inhabitants are not yet subjugated to our whims. 
He denied Adventure: half a dozen steps away from the world 
of man, a biscuit's toss from the beaches and the casinos, he 
can meet it and live it in a few feet of water. Your friend is 
beginning to realize that the universe of the depths is a world 
in which there is still something to know, to discover, to 
dream about. Take advantage of this moment of revelation, 
and drive it home to him that every square yard of that water 
still hides secrets as yet undeciphered. That, if he wishes, he 
can still discover unknown existences, that in the contents of 
a single cast of the dredger on the coasts of Brazil, Marcus 
has described ten new species of Bryozoa unknown to the 
experts of the whole world. That he can attach his name to 
research on the granulometry of the bottoms, on the density 
of the waters, on the speeds of the currents, or in pure biol- 
ogy. That Professor Drach in Roscoff and Professor J.-M, 
P6rs in Marseille need inquisitive-minded and adventurous 
recruits, tired of copying the old theses. He was sick of the 
deadly frustrations and petty rivalries of the rat race of con- 
temporary living, but here, in the infinity of the waters, there 
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Is, there will be for a long time to come, neither elbow- 
jostling at work nor competition in research. 

If your proselytism has been clothed in sufficiently con- 
vincing words, your friend is saved. A growing passion will 
draw him toward the sea and its depths. The year may be 
spent amid the grayness of professional duties and the vapid- 
ity of human relations: envy, scandal, vanitybut always 
there will be the bright anticipation of the long, hot days of 
June, July, and August, which will see the exodus toward the 
oceans. Henceforth, your friend will be a happy man. 
Whether traversing the long streamers of Laminaria of the 
Breton coast, gliding above the rocky debris of the Corsican 
sea floor, or threading his way through lacelike mazes of 
exotic corals, he will find continual occasion for surprise and 
fascination. Year after year, he will undertake some new activ- 
ity in the bosom of the waters: hunting, exploration, photogra- 
phy, cinematography, observation, applied biology. Untir- 
ingly welcoming, the sea will offer him the appeasement of 
her riches. Their dazzle, their brilliancy, their beauty will 
accompany him still during the interminable winter of the 
town. The sea, from whence he came, has recognized him 
again as her child. He feels himself caught up in her rhythm 
and her spaciousness, linked to her by a thousand intimate 
bonds. And in the slow futile gnawing of the terrestrial hours, 
In some administrative office or at some managerial desk, he 
will catch himself writing on his blotter, with a strange smile 
on his lips: M O sea, infinite sea, O splendor of the depths!" 
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Diopatrum, 329 

Epinephdus g%as> 53-54, 3S 
Kunicella verrucosa, 333 
323 



Galcocerdo arcticus, 73 
Ginglymostoma cirratum, 75 
Cinglymostoma odontaspis, 75 

Hahptcris filidna, 333 
ffardwickia, 270 
Hippospongia equina, 336 



Idiacanthus, 190 

Laminaria cloustoni, 33* 
Laminaria flexicaulis, 338 
Laminaria ochroleuca, 331 
Laminaria saccharina, 332 
Latimeria chalumna, 330 
Lycoteutis diadema, 190 
Lynophryne arborifer, igi 

Membranipora pilosa, 535 
Mobula, 323 
Mugil auratus, 47 
Mugil cephalus, 47 
Mugil chelo f 47 
Muroena Helena, 56 
Muroena unicolor, 56 
My0, 329 
Myriozoum, 336 

Obelia geniculata, 333 
Orectolobus barbatus, 75 

Palythoa, 336 
Philosiphonia, 270 
Phycodris rub ens, 33$ 
Polyprion, 53, 322 
Posidonia oceanica, 335 

Retepora, 336 
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Sargus sargus (or rondeletii), 96 Trachinus draco, 88 

Scyllarus arctuSj, 54 Trachinus vipera, 88 

Scyllarus lattis, 54 Trigonidae, 89 

Sphyrna zygoena, 73, 81 Turbo crenulatus, 63 
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